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(57) Abstract:- A high dielectric. constant insulator including 
a. thin "fibn-ofja metal oxide selected from the group consisting 
of tinigsten-brorizertype . oxides; ..pyrochlore-type oxides, and 
combinations of ^^O^with an oxide selected from the group 
consisting of perovskites andf pyrochlore-type oxides. An 
embodiment contains metal oxides represented by the general 
stoichiometric formulae AB^Os, , A2B2O7 and A2B12B2O10, 
wherein A represents Arsite atoms selected; from the group 
of metals consisting of'Ba, Bi, Sr, Pb, Ca, K, Na and La; and 
B represents B-site atoms selected from the group of metals 
consisting of Ti, Zr, Ta, Hf, Mo, W and Nb. Preferably, the 
metal oxides are (BajSri.J(TayNbi.y)20 6 ,where 0<x<l.O and 
0<y£1.0; (BajSri.^CTayNbi.yfcO?, where O<x<1.0 and0<y<1.0; 
and(Ba,Sr,. x ) 2 Bi2(Ta y Nbi. y ) I Oio, where 0<x<1.0 and 0<y<1.0. 
Thin films according to the invention have a relative dielectric 
constant >40, and preferably about 100. The value of Vcc in the 
•metal oxides of the invention is close to zero. The value of Tec 
is <1000ppm, preferably <KX). 
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METAL OXIDE THIN FIllMS FOR HIGH DIELECTRIC CONSTANT 

APPLICATIONS . M 

BACKGROUND OF THE INVENTION 

5 • 1. Field of the Invention ' - - 

The invention irr general relates to metal oxide materials with optimized 
stoichiometry in integrated circuits, having high dielectric constants, capacitances and 
other electrical properties that are" virtually independent of voltage and temperature. 
2. Statement of the -Problem - ' ' •"' 

10 It is well known that there is a need for a high dielectric constant material 

suitable for use as a charge storage medium in integrated circuits and related 
applications, such as the bypass capacitor in microwave monolithic integrated circuits 
(MMICs). The most commonly used dielectric material used for charge storage in 
integrated circuits is silicon dioxide, which has a dielectric constant of about 4. Other 

15 common dielectric materials used for charge storage, such as Si 3 N 4 ,AI 2 0 3 andTa 2 O s , 
also have low dielectric constants, ranging from 4 to 20. Storage capacitors using 
such a material must have" a large area to provide the capacitive values required in 
state-of-the-art integrated circuits. These large areas" make it difficult to reach high 
densities of capacitive components in an integrated circuit or MMIC. However, the use 

20 of other materials to provide the dielecfricln integrated circuits has been hindered by 
the fact that commonly-used materials' with high dielectric constants often have 
undesirable properties. For example, 'ferroelectric materials such' as lead zirconium 
titanate (PZT) are known to have high dielectric constant's and therefore have been 
proposed as candidates for high dielectric ' constant memories . • However, it is well- 

25 known in the art that ferroelectric materials should not be used in high "dielectric 
constant DRAMs since they produce a large switching chargeat the coercive voltage, 
which switching charge would mask the conventional linear charge that the DRAM 
utilizes as a memory storage medium: See, O. Auciello, J.F. Scott, and R. Ramesh, 
"The Physics of Ferroelectric Memories", Physics Today, 51 , No. 7, July 1 998, pp. 22 - 

30 27, particularly "Box 1 " on page 24. Moreover, PZT and other high dielectric materials 
display a significant, nonlinear dependence of dielectric constant on temperature and 
applied voltage. If used as a capacitor dielectric or a bypass capacitor, the material 
causes the capacitance value to change with temperature and voltage. Materials in 
which the electronic properties change with temperature and voltage are generally 
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undesirable in integrated circuits and. MMICs; since" the effective; operation of the 
circuits requires that the electronic properties have specified values, and integrated 
circuits should be able/to operate over a range of temperatures and voltages. PZT 
and other high dielectric materials often have electronic; properties that do. not scale; 
5 that is, the properties change significantly; as the materialris.made thinner. Such lack 
of scaling can place stringent requirements _pn J Bfpcesisjn : g i jthatare .difficult to meet, 
and require wholesale redesign of cirguits as they are made more dense. Thus, it 
would be highly desirable to have a high dielectric constant material for^ which the 
electronic properties, scale and ,are r essentiaJly independent, of temperature and 

10 voltage.- . : • - err.ior? &o->zi' :: s-- -■: 

It would also -be .useful, to hay$ f -a: higr^di s ^le^tric .c.qnsta-ntcapaci,tor that can be 
used generally in integrated circuits, such as for gate dielectric jfilms in metal-oxide- 
semiconductor field effect transistors (MOSFETs) * ferroelectric field effect transistors 
(ferroelectric FETs); and other ; .transistors,: as. buffer layers to prevent unwanted 

15 interactions between certain materials,- as diffusion barriers to prevent diffusion of 
elements from one layered another, and as inter-layer. dielectrics. In each of these * 
applications it isuseful that the rnateriajJnave electronic values that do not change with 
------ - ------ temperature^and^voltage;— -ln=^ 

electronic requirements, It is particularly djfficulj torpredict if a^hjgh dielectric material 

.20 will be effective in, gate insulator, ! films.jnrMOSFET L s, ferroejectric FETs, and other 
transistors because, in. this application,- it mu§t meet, -mujtiple, r often ; conflicting, 
requirements.. .In addition to haying ar.icapacijance^hat Js, flat <-with,3 respect to 
temperature, voltage and thickness ; variations, they must have low leakage current and 
a high breakdown.voltage,. they must , : nojt- ; alter th% threshold vo|tage of the transistor 

25 as a function of gate voltage, and they must be. an effective barrier against charge 
injection. Buffer layers must be compatible with both the material they buffer and the 
surrounding integrated circuit materials, L , Diffusion barriers must be effective in 
preventing migration of particular elements at elevated temperatures and must not 
themselves include elements that can migrate. Interlayer dielectrics must have low 

30 leakage currents and have a high breakdown voltage. As integrated circuits become 
smaller, all the above requirements become more and. more stringent, since 
thicknesses of the materials decrease and the distances between dissimilar materials 
shrink. The paucity of materials that have a dielectric constant greater than 20, but do 
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. not possess problematic properties, is considered to be one of ; the serious roadblocks 
to higher density integrated circuit memories. .; , . 

Recently, commercial ferroelectric memories,. particularly ferroelectric random 
_ ; access memories; (FERAMs), have, become available. A/Vhile practical FERAMs have 
5 not yet reached the densities of DRAINS, rapid advances are being made in this area 
that suggest that these memories may soon become competitive with DRAMs. Since 
these memories, like DRAMs, are optimally intended for use in environments in which 
the temperature and voltage can change substantially, it would be highly useful to 
have ferroelectric materials for which the electronic properties scale and are 
1 0 essentially independent of temperature and voltage. 
3. Solution to the Problem . . 

The present invention. solves the above problem by providing an integrated 
circuit incorporating a thin film of metal oxide for which the electronic properties have 
low dependence on voltage and temperature. The invention also provides a liquid 
15 precursor for forming a thin film of metal oxide for which the electronic properties scale 
and have low dependence on voltage, and temperature. In addition, the invention 
provides a method for applying a liquid precursor to an integrated circuit substrate and 
treating the .appJied_piecuj2cj^tojform the-thin film of the-metal oxide-for-which the 
electronic properties have low dependence on voltage and temperature. Preferably, 
20 the metal oxide is a high dielectric constant. material, and most preferably it is not 
ferroelectric. However, some of the materials are ferroelectric, and therefore will be 
useful in ferroelectric devices, sjjch as FERAMs, 

An embodiment of .trje. Invention is . an integrated circuit comprising a high 
dielectric constant metal oxide insulator thin film or ferroelectric metal oxide-thin film, 
25 wherein the metal oxide is selected from the group consisting of tungsten-bronze-type 
oxides, pyrochlore-type oxides, and combinations of an interlayer oxide with an oxide 
selected from the group consisting of pyrochlore-type oxides and tungsten-bronze-type 
oxides. Typically, the interlayer oxide is Bi 2 0 3 . 

In an embodiment of the invention, the metal oxide has a stoichiometry 
30 represented by a formula selected from the group consisting of AB 2 0 6I A 2 B 2 0 7 and 
A 2 Bi 2 B 2 O 10 , wherein A represents A-site atoms selected from the group of metals 
consisting of Ba, Bi, Sr, Pb, Ca, K, Na and La; and B represents B-site atoms selected 
from the group of metals consisting of Ti, Zr, Ta, Hf, Mo, W and Nb. 
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An integrated'-circuit according to the- invention contains i thin film of metal 
oxide with a thickness preferably ranging from 1 nanometer (rim) _ to 500 nm. Metal 
oxide material according to the invention is preferably non-ferroelectric and has a 
relatively high dielectric Constant, i.e., -a "dielectric constant value, £ 20 , of 20 or higher. 
It shows negligible dependence of capacitance " oh temperature and on external 
applied voltage, having low Vcc value's v ahd TOW Tec values. Typical applications of 
these materials are as the dielectric" M&ferfeiftrf Iftd capacitor of DRAMs, the gate 
dielectric of transistors, including ferroelectric "FEET s, as buffer' layers to prevent 
unwanted interactions*' be^een^cerfafri'mafenalsY particularly layered superlattice 
materials and semiconductors/as diffbsloh' Da>riers~td 'prevent diffusion of elements 

..... \ . "*■ 

from one layer to another, and as interlayer dielectrics. Some of the materials 
according to the invention are ferrdeieetric.ahd a typical application of these materials 
is as part of a memory cell in an integrkted circuit ferroelectric rahdOm access memory 
(FERAM) or as a ferroelectric gate in fe#del§ctric"F 

A liquid precursor according to an enibodimeht of the invention comprises metal 
atoms in relative molaf proportions for forming a metal oxide selected from the group 
consisting of tuhgsten-brohze-type oxides, pyrochlore-type oxides, and combinations 
of an interlayer bxidei^ 

of pyrochlore-type bxides 'and tuhgsteh-bronze-type oxides, in ah embodiment of the 
invention, the liquid' precursdr' bontains' metal atoms having a stoichiometry 
represented by a fbrmuia^selOcted frorri the group consisting of AB 2 0 6 , A 2 B 2 0 7 and 
A 2 Bi 2 B 2 O 10 , wherein A represents A^-site 1 atdms^ selected' frbm'^he' group of metals 
consisting of Ba, Bi, Sr, Pb, Ca, K.'Na aHcfLia; arid B represents B-site atoms selected 
from the group r of metal's ; consisting' of Tl/'Zr;TaVHt"lv1b/W'ahd Nb. 

An embodiment of the method of the'invehtiori comprises steps of: ' providing 
a substrate; providing a liquid precursor for forming a thin film of the above-discussed 
metal oxide; applying the liquid precursor to the substrate to form a liquid coating on 
the substrate; and treating the liquid coating to form a' solid thin film of the desired 
metal oxide. The step of applying may comprise spin-coating a liquid coating of the 
precursor on the substrate, misted deposition, dip coating or other liquid application 
process. The step of treating may comprise a process selected from the group 
including: exposing to vacuum, exposing to ultraviolet radiation, drying, heating, 
baking, rapid thermal processing, and annealing. An embodiment of the inventive 
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; . method includes providing a liquid precursor comprising metal atoms in relative molar 
proportions corresponding to an interlayer oxide, such.as : Bi 2 0 3 , added to a precursor 
of a peroyskite or a pyroch lore-type oxide compounds., - 

The excellent properties of the material and the ability to make very thin films 
5 of the material that retain those properties over wide ranges . of temperature and 
voltage make the invention of particular, importance for integrated circuits, but 
important for any type of charge storage, device. Numerous other features, objects 
and advantages of the invention, will, become apparent from the following description 
when read in conjunction with the accompanying drawings. 
10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG - 1 I s a cross-sectional view of, an integrated circuit capacitor according to 
the invention; 

FIG. 2 is a cross-sectional view of a DRAM cell in which the integrated circuit 

capacitor of FIG. 1 may be incorporated; r . - — 

15 FIG. 3 depicts an integrated circuit device in which . a thin film of metal oxide 

comprises a virtual stacked structure combining, alternating layers of metal oxide and 
bismuth oxide; 

FIG. 4 depicts an integrated circuit-device-in-which a-thin film-of ^ metal-oxide- 
comprises an actual stacked structure combining alternating layers of metal oxide and 
20 bismuth oxide; ....... 

FIG. 5 is a flow chart showing the preferred embodiment of a process for 
forming a capacitor. containing a thin film, of metal oxide according to the invention; 

FIG. 6 is a graph of the measured capacitance, in units of F/^m 2 , versus applied 
voltage^for. a SrTa 2 O e capacitor according to the invention made by the process of 
25 Example 4; 

FIG. 7 is a graph of the measured, leakage. current versus applied voltage for 
the capacitor of FIG. 6; ... 

FIG. 8 is a graph of the polarization value, in //C/cm 2 , plotted versus applied 
field, in kV/cm, in SrTa 2 O s capacitors with different thicknesses, made by the process 
30 of Example 4; . 

FIG. 9 is a graph of relative dielectric constant, s r , versus frequency measured 
in a SrTa 2 0 6 thin film with a thickness of 2000 A, made by the process of Example 4; 
FIG. 10 is a graph of the relative dielectric constant, e r , versus temperature 
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measured at 10 kHz 'in a ! SrTa 2 0 6 thin film : with a thickness 'of 2000 ^ made by the 
process of Example- 4; •'• .'-•' • 5 '* 

FIG. 11 is a graph of the relative dielectric 'constant, £ r , versus thickness in 
angstrom units for a SrTa 2 0 5 capacitor according to the invention made by the process 
5 of Example 4; ' ' 

FIG. 12 is a cross-sectional viewbf a DRAM memory cell containing both a high 
dielectric constant gate insulator in a" FET with a honcbhductive diffusion barrier layer 
according to the invention, and a memory capacitor having a high dielectric constant 
insulator between its electrodes and a conductive diffusion barrier layer between its 
10 bottom electrode and the semiconductor "substrate; " 

FIG. 13 shows a cross-sectional view of a" preferred embodiment of a 
ferroelectric FET according to the invention illustrating the various electrical contacts 

associated with the FET; -•— - - •••• • • • _Tr 

FIG. 14" is a cross-sectional view of a MFMISFET^accofding to the invention; 
15 FIG. 15 is a cross-sectiohal view of a FET according to the invention in which 

the MIS portion of the FET has a larger area than the MFfvi portion' of the FET;- 

FIG. 1 6 is a cross-sectional view of another FET according to the invention that 
illustrates : br^ftfi«rma^ 
•' and ' - - : '" '■' : '" 7 : '' ' ' : '' '' " -"' •"- '■•• "' 

20 FIG. 17 is a flow chart showing the preferred embodiment of a method 

according to the invention for forming a DRAM memory cell including a gate insulator 
made of a material according to the invention, such as the DRAM memory cell of FIG. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

25 The term "metal oxide" herein means a material of the general form A a B b 0 0 or 

A a S s B b O Q where A, B and S are cations' and O is the anion oxygen. The term is 
intended to include materials where A and B represent multiple elements; for example, 
it includes materials of the form A*A"B 2 0 6> AfB'B-y-A;, (A'A ,, )(B , B ,; j 2 0 6 , A'A-'A^B^ etc., 
where A, A', A", A"', B, B' and B" are different rhetal elements. Preferably A, A', A", 

30 A"', etc. are metals selected from the group of metals including Ba, Bi, Sr, Pb, Ca, arid 
La, and are referred to as A-site atoms; and B, B', B", etc. are metals selected from 
the group including Ti, Zr, Ta, Hf, Mo, W, and Nb. B, B\ B", etc. are collectively 
referred to herein as B-site atoms. The S-site element in the formula is referred to as 
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the in.terlayer elernent herein and usually represents the element bismuth, Bi. The A- 
site and B-site material may. be freely substituted for ..-several equivalent materials as 
. . . 4 . described above. In a material of the form AA'B 2 Qg,.the relative amounts of A-atoms 
; and A'-atoms occupying. A-sites in the crystal lattice arevariable, but the total number 
.. .5 of A-site atoms is fixed as above with respect to B-site atoms and oxygen atoms. The 
relative amounts may be expressed as a formula (A^'JBaOs indicating that the total 
of A-site atoms equals one(1 -x+x=1 ) combined with two B-site atoms and six oxygen 
, atoms. Therefore, although -the total-of A-site and B-site atoms is fixed by the 
stoichiometrically balanced formula, the relative amounts of A and A' atoms are 
10 expressed by "1-x" and. "x", respectively. Similar reasoning applies to situations in 
which there are three or more A-site- elements, or a plurality of -B-site or S-site 
elements. 

The formulas used to represent the metal oxides of the invention are not always 
absolutely exact in the sense that the actual amount of oxygen anion in a solid thin film 
15 of metal oxide will vary in accordance with_the .actual; chemical valence values of the 
metal cations, .. For example, the predominant valence value of Ta-atoms and Nb- 
atoms is +5, whereas the usual valence value of a Ti-atom is +4. The general 
stoichiometric formula A 2 B 2 0 7 Js T electrica|!y-balanced r when-the-B=site-atoms-are-Taf^ 
for example, (Ba.Sr^J^TayNb^y)^^, If, on -the other hand, the B.-site atoms are Ti- 
20 : atoms, then the actual relative amount of : oxygen is slightly less, than expressed in the 
general formula because the relative amounts, of metal cations and oxygen anions 
must be in electrical balance, as determinedby.chemical valence values. In a liquid 
. precursor for a particular chemical species, the relative molar proportions of the metal 
atoms and other atomic constituents (except oxygen). are usually present in the same 
25 proportions as represented, in the stoichiometric formula of the desired chemical 
. species.. Exceptions occur for elements, such, as bismuth, that form highly volatile 

compounds, and therefore may be depleted : during the heating steps associated with 
, producing the solid thin films. The metal atoms in the precursors are typically 
associated in various precursor compounds that react with each other during treatment 
.30 ... after application onto the integrated ^circuit substrate. 

The term "stoichiometric" herein may be applied to both a solid thin film of a 
metal oxide material and to a precursor for forming a material. When it is applied to 
a solid thin film, it refers to a formula which shows the actual relative amounts of each 
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element in a final solid thin film. When applied t6'a'precUri'dr^%ihdfca'tes' ; the molar 
proportion of metals^and other chemical elemerits^except' oxygen) in 'the precursor. 
A "balanced" stoichiometric- formula is ohe'in which -there is just enough of each 
element to form a complete crystal structured the' metal' oxide, with all sites of the 
5 crystal lattice occupied, though in actual practice the re always 1 Will be some defects in 
the crystal at room temperature. The- j chemicai formulas disclosed here represent 
stoichiometric amounts of atoms fn-a thin film br a" liquid precursor. They are not 
necessarily balanced stoichiometric formulas' of particular crystalline structures or 
compounds. ~ ■■ ' - 1 - ••' ■•' " :r ' ' : 

10 As described in the book "Principles' and Applications 1 of Ferroelectrics and 

Related Materials", by'-M.E. Line's and A.M. Glass, Clarendon Press', Oxford (1977), 
a class of metal oxide compounds named "perovskites" can be represented by the 
general stoichiometric formula ABCv where A is a monovalent or divalent metal atom 
and B is a tetravalent or pentavalehf metal. ; The crystalline perovskite structure can 

1 5 be viewed as a set of BC» 6 octahedVa arranged in a cubic pattern. Another class of 
metal oxide compounds forms ABO^-type oxygen-octahedra crystalline structures 
closely related to the tetragonal tungsten bronzes. These metal oxide" com pounds with 
^--^therformula-ABaO^Ca^^ known as- 

tungsten-bronze-type o&'desP ^ include 

20 a thin film of a4ungsten-brbnze-type bxide-in an' integrated circuit device. In another 
aspect, the invention may be described aslncfuding a thin f ilrrr bf a metal oxide having 
the general formula AB^O^ wherfe A'represbnts A-site atoms selected from the group 
of metals including Ba> BxpSt, P^-Ga/Ki'^a^ff^tararid B represents B-^site atoms 
selected from the group of mefalsrihcTudihg Ti', Zri Ta; Hf; Mb; W and Nb. the term 

25 tungsten-bronze or tangsten-brbnze-typ&a^ compounds 
known to have the tungsten-brbrize-type structure^ as ; well as all compounds' having the 
above formula, whether or not the compounds actually have the tungsten-bronze-type 
structure. When the metal oxide has the general formula AB 2 0 6 , it is preferably 
selected from the group of metal oxides including (Ba^r^J^TayNb^Os, where 

30 O^xs 1 .0 and 0*y s 1 .0. Another class of metal oxides according to the invention are 
the pyrochlore-type oxides, which have the general formula A 2 B 2 Cy An embodiment 
of the invention includes a thin film having the general formula A 2 B 2 0 7 , where A 
represents A-site atoms selected from the group of metals including Ba, Bi, Sr, Pb, Ca, 
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'.. - K. Na-.and La; -and B represents B-site atoms selected from the. group of metals 
including.Ti, Zr, Ta, hif, Mo, W and, Nb. v.The term pyrochlore or pyrochlore-type as 
. used herein includes. all compounds known to havetthe pyrochlore-type structure as 
well as all compounds having .the above formula, whether or. not the compounds 
.-. 5 - actually have the pyrochjore-type structure. When the metal oxide has the general 
. formula A 2 B 2 0 7 , preferably it .is selected from the group of metal oxides. including 
. ( Ba x s ri- X ) 2 ( Ta y Nb i- y )20 7 -; where 0<x<; 1..Q and 0sy<; 1 .0. Perovskite and pyrochlore-type 
compounds may be ferroelectric or antiferroelectric. It is believed that the tungsten- 
bronze-type compounds are usually ferroelectrics. 
.,10 ■ , In an embodiment of the invention, an. integrated circuit comprises a thin film 

of a metal oxide that is a combination of an interlayer oxide with an oxide selected 
from the group consisting of perovskites and pyrochlore-type oxides. An interlayer 
oxide is an oxide .containing, a metaL atom selected from the. group of interlayer 

— — . elements including Bi, Sc, Y, La. Sb.iCr and Tl. Preferably, it is bismuth oxide, Bi 2 0 3 . 

15 An embodiment of the invention, shown in FIG. 3;: comprises a virtual stacked 
structure containing an interlayer oxide preferably a Bi 2 0 3 layer, alternating with 
a perovskite or a pyrochlore-type oxide layer. This structure is typically formed by 

a pplying a precursor-to the stjhstratR that ^nntging^rn^tal atoms in relative amounts 

sufficient for forming a layered structure upon treating and annealing it. The precursor 
20 for forming a virtual stacked, structure contains combined portions of metal atoms 
corresponding to the formula of . the .interlayer oxide,, preferably Bi 2 0 3 , and to a 
stoichiometricformula for a perovskite or. a pyrochlorertype oxide. The invention, 
- however, does not include a virtual stacked structure <that is referred to as a layered 
superlattice material as disclosed in. United States Patent Number 5,519,234, issued 
-25 , . iyiay,21 , 1996 to Paz de Araujp et al. 

In another embodiment, shown in FIG. 4, the thin film of metal oxide comprises 
an actual, stacked structure in which a layer of perovskite, tungsten-bronze-type or 
. pyrochlore-type metal oxide has an interface with an alternating layer of an interlayer 
oxide, preferably bismuth. oxide. This structure is formed by depositing each of the 
30 alternating layers individually and then annealing them to form the thin film. 

In a particular embodiment of the invention, a pyrochlore-type oxide has the 
general chemical formula A 2 B 2 0 7 , where A represents A-site atoms selected from the 
group of metals including Ba, Bi, Sr, Pb, Ca, K, Na and La; and B represents B-site 
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atoms selected :fronrr the; group of metals including Ti-, Zr.^Ta, 'Hf,' Mo, W and Nb. . 
Preferably, the pyroch!ore-type oxide compound is '(Ba x Sr 1 ; x ) 2 (Ta^Nb 1 . y ) 2 0 7 , where 
1 0<xs1.0 and O^y^ 1.0, and preferably (Ba x Sr Vx ) 2 Ta 2 b 7 , where 0sx<0.6. When the 
pyrochlore-type oxide has the generalchemical formula A 2 B 2 G) 7 , and it is combined 
5 with interlayer oxide Bi 2 0 3 , then the: resu1tihg/cdrhbinatioh has the general formula 
A 2 Bi 2 B 2 O 10 . When the pyrochlore-type^oxide compound ■iS'(Ba^S'r 1 .;)- 2 (Tai y Nb 1 . y )20 7l 
where 0<x^1 .0 and 0sy<;1 .0, then the resulting -combination with bismuth oxide is a 
thin film having the composition <Ba}Sr 1 - x )' 2 Bi 2 (T^N&i. y ^b 1 - 0 . where 0<x<1.0 and 
0<;y<T.0. : j'r -•• vi'.". ol,'v 

1 0 Typically, an integrated circuitaGcording fo the invention contains a thin film of 

metal oxide with a. thickness ranging from 1 ' hm "to '500 nm, preferably in the range 
from 30 nm to 200 nm, The metal oxide thin film of the invention may be used as part 
of a memory cell in ah integrated circuit,: for example/ as the capacitor dielectric in a 
DRAM cell, as a gate dielectric in^'transistor/ such as a MOSFET, as a buffer layer, — 

15 a diffusion barrier layer,' and an interlayer dielectric. In- a typical embodiment of the 
invention,. ; the integrated circuit contains a capacitor comprising a first electrode, a 
second electrode, and a thin filmofchigh dielectric constant insulator located between 
- —_=.-.-:.-•_ the first andsecond; eiectrodespwhereithe highvdielectricicdnstant-insulator-contains 
metal oxide material in-accordance; With the invention: 'S- 

20 The terms "buffer" and "dfffusiofrbarrier'-are sometimes used interchangeably 

in the art. . In this disclosure; the: term sbuff er"~is j intended to be more general, and 
. includes all the functions of; a diffusion-barrier; as weir as otherf unctions; while the 
term "diffusion barrier" is narrower, 'aridtocludes only the function of providing a barrier 
. . . to. diffusion of chemical elements decompounds""." - - 

25 Metal oxide material according to the invention has a relative dielectric constant 

. value, e 20 , of 20 or higher, preferably about 100. It shows negligible dependence of 
capacitance on temperature and on external applied voltage. In the electronics art, 
the measure of the dependence of the capacitance oh the temperature is generally 
given as the capacitance temperature coefficient, Tec, which is defined as the rate of 

30 change of the capacitance per degree centigrade. The measure of trie dependence 
of the capacitance on voltage is generally given as the capacitance voltage coefficient, 
Vcc, which is defined as the rate of change of the capacitance per volt. The metal 
oxide material has a broad range of temperature range operability. Some test 
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- .capacitorstiad a temperature coefficient of capacitance, Tec, not exceeding 1 00 ppm 
in th e rtemperature . range of. 20°C'.to' 140°C. All test capacitors had a voltage 
. coefficient of capacitance, Vcc, not'exceeding ±1 % over an applied voltage range of 
from zero volts to ±5 volts. Some metal oxide materials according to the invention can 
5 ,possess ferroelectric or antiferroelectric properties. - 

Accordingly, the invention- provides a liquid precursor for fabricating a metal 
oxide insulator in am integrated circuit/ which precursor comprises metal atoms in 
relative molar proportions sufficientto form a tungsten-bronze-type oxide compound 
. when the atoms are bonded with oxygen. -In particular, the invention provides a liquid 
10 precursor for a metal oxide having the.general formula AB 2 0 6 , where A represents A- 
■ . site .atoms selected from the group of metals including Ba, Bi, Sr, Pb, Ca, K, Na and 
La; and B represents B-site atoms selected from the group "of metals including Ti, Zr, 
Ta, Hf, Mo, W. and Nb. When the metal-oxide has the general formula AB 2 0 6 , it is _ 
preferably selected from the group of metal oxides including (Ba^^-XTayNb ~)70 6 ," 
15 where 0^x^1.0 and Osys 1.0. The: invention also provides a liquid precursor for 
fabricating a metal oxide insulator in an integrated circuit, which precursor comprises 
metal atoms in relative molar proportions* sufficient to form ia pyrochlore-type oxide, 
= — : — _^ .having the-general=chemiGal=formula^A^B 2 0^where-A- : represerits^A^ 

selected from the group of. metals including Ba, Bi, Sr, Pb, Ca, K, Na and La; and B 
20. -;. represents B-site atoms selectedfrom the group of metals including Ti, Zr.Ta, Hf, Mo, 
: W and Nb : The invention alsp provides a liquid precursor for fabricating a metal oxide 
insulator in an integrated circuit, which precursor comprises metal atoms in relative 
molar proportions corresponding to a combination of an ihterlayer oxide, preferably 
Bi 2 0 3 , with a perpvskite oca pyrochlore-type oxide when the atoms are bonded with 
25 oxygen. The resulting oxide is believed to have a virtual stacked structure comprising 
metal oxide layers alternating with bismuth oxide layers. In a particular embodiment 
: of the invention, the pyrochlore-type oxide has the general chemical formula A 2 B 2 0 7 , 
where A represents A-site atoms selected from the group of metals including Ba, Bi, 
Sr, Pb, Ca, K, Na and La; and B represents B-site atoms selected from the group of 
30 metals including Ti, Zr, Ta, Hf, Mo, W and Nb. Preferably, the pyrochlore-type oxide 
. compound is (Ba x Sr 1 . x ) 2 (Ta^b^)^, where 0<;x<; 1 .0 and Osy* 1 .0, and preferably 
(Ba^JjTaj.Oy, where 0^x^0.6. When the pyrochlore-type oxide has the general 
chemical formula A 2 B 2 0 7 , then the resulting combination has the general formula 
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A 2 Bi 2 B 2 O 10 . When the pyroch I ore-type oxide- compound- ls"-(Ba x Sri. x ) 2 -fT'a y Nb w ) 2 0 7 , 
where 0sx<1.0.andj 0<y^1 .0; then the resulting combination with a bismuth oxide 
precursor compound forms a dielectric thin film having the composition (Ba ! |Sr 1 . x ) 2 Bi 2 . 
(TayNb^y^O^, where Osxsl.O and OsysT.O: «.- 
5 A liquid precursor according to an embodiment of the invention comprises metal 

atoms in relative molar proportions for/forming a metal oxide having a stoichiometry 
represented by a formula selected f rom-',tha • grou jy.j including' AB 2 0 6 , A 2 B 2 0 7 and 
A 2 Bi 2 B 2 O, 0 , wherein A represents A-site;. atoms, selected from the group of metals 
including Ba, Bi, Sr, Pb.iCa, K, Na and. La; and B. represents B-site atoms selected 

10 from the group of metals including -Ti^-Zr.iTa. 'Hf, Mo, W and Nb. ■ When the liquid 
precursor is selected to form a metal oxiderhaving the general formula AB 2 0 6 , the 
metal oxide is preferably from the group of metaloxides: including (Ba x Sr 1 : x )(Xa y Nb 1 . 

y^Os. where .Osxs-1 .0 and Osys 1.0. When the liquid precursor is selected to form a 

metal oxide having the general formula A 2 B 2 G 7) ;the metal oxide is preferably frpm the- 

15 group of metal oxides including (BaiSr: i '^T-aJ^b A \ y )- 2 0-f,> where-Osxsl .O^and 0<y^ 1 .0. 
When the liquid precursor is selected to form a metal oxide havihgthe general formula 
A2Bi 2 B 2 O 10 , the metal oxide is Tpreferably from the group Of metal oxides including 

-- (Ba^r, JgBi^ayNb^Q^pwhere^^^ ' 

- A liquid precursor according to anembbdimentofthe invention comprises metal 

20 atoms in relative molar proportions for forming a 'metal oxide layer selected from the 
group consisting of a . perovskite layers a tungsten-brbnze-type oxide layer and a 
pyrochlore-type oxide layer:: ■.■ : r--'.-i-:r>^ i ■ ; ;>.r;;b?.^v ■ ■ 

An embodiment of the inventive method of the invention coYfiprises' steps of: 
providing a substrate; providing a, liquid precursor for forming' a metal oxide selected 

25 from the group including AB 2 O s , A 2 B 2 Of and A^>\^ z O\ 0 , wherein A 1 - represents A-site 
- atoms selected from the group of metals including Ba. Bi, Sr, Pb, Ca, K, Na and La; 
and B represents B-site atoms selected, from the group of metals including Ti/ Zr, Ta, 
Hf, Mp, W and Nb; applying the liquid precursor to the substrate to form a liquid 
coating on the substrate; and treating the liquid coating to form a solid thin film of the 

30 metal oxide. When the metal oxide has the general formula AB 2 0,3, the metal oxide 
is preferably from the group of metal oxides including (Ba x Sr l . x )(Ta y Nb 1 . y ) 2 0 6 , where 
0sx<1.0 and Osysl.0. When the metal oxide has the general formula A 2 B 2 0 7 , the 
metal oxide is preferably from the group of metal oxides including (BaxSr^J^TayNb^ 
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- ■ . vhOv where 0<X£.1.0 and.Osysl .0,. When the metal,oxide has the general formula 
A 2 Bi 2 B 2 O 10 , the metal oxide is. .preferably from the group, of metal oxides including 

.XBa x Sr 1 J 2 Bi 2 (Ta^b 1 ^) 2 O 10l .where Oixsl.o and Qsy-sl.Q: • 

The method, may .further comprise steps of forming a first electrode and a 
5 second electrode, whereby the thin film,pf metal oxide is located between the first and 
second electrodes... Typically, the first electrode, the thin film and the second electrode 
are formed as part of. a memory celU.The step of treating may comprise a process 
selected from the group including:, -exposing to. vacuum, exposing to ultraviolet 
radiation, drying, heating, baking, rapidJhermal processing, and annealing. The step 
10 of applying may comprise spin-coating a- liquid coating of the precursor on the 
substrate or misted deposition, .such : as> described, .in United States Patent No. 
5,456,945 issued to McMillan et a|, on.October 10, 1995. 
. . The invention also provides a method, for forming; a thin film of metal oxide 
having a virtual stacked structure comprising steps of:,proyiding a substrate; providing 
15 a liquid precursor comprising metal, atoms in relative molar proportions corresponding 
to an interlayer oxide, preferably Bi 2 0 3 , added to a precursor of a perovskite or a 
pyroch lore-type oxide; applying the f liquid precursor to the substrate to form a liquid 
coating ; on : the subj^ coating tq fprmzarsolid-thin-f ilm of-the- 

metal oxide. In an embodiment of .the,method, the pyroch lore-type oxide compound 
20 is A 2 B 2 0 7) where A : represents A-site atoms selected from the group of metals 
including Ba, Bi, Sr, Pb, Ca, K. Na.and La; and B represents B-site atoms selected 
from the group of metals including Ti, Zr, Ta, Hf, Mo, W. and. Nb. When the 
pyrochlore-type oxide compound has the, formu la A 2 B 2 0 7 , preferably it is (Ba.Sr^ 
^(TayNb,^)^, where Osx^LO and 0^y^ 1.Q, preferably (Ba^r^^Ta^, where 
25 Osfxs.0.6. The step of treating may comprise a process selected from the group 
. including: exposing to vacuum, exposing to ultraviolet radiation, drying, heating, 
baking, rapid thermal processing, and annealing. The step of applying may comprise 
spin-coating a liquid coating of the precursor on the substrate or misted deposition, 
such as described.in.United States Patent No. 5,456,945 issued to McMillan et al. on 
30 . October 10, 1995. 

The invention also provides a method for forming a thin film of metal oxide 
having an actual stacked structure comprising steps of: providing a substrate; 
providing a metal oxide precursor for forming a metal oxide selected from the group 
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consisting of perovskites, tungsten-bronze-type -oxide's, and pyrochlore-type oxides; 
providing an interlayer oxide precursor for forming an interlayer oxide; applying the 
metal oxide precursor to the substrate to form a metal oxide precursor coatihg on the 
substrate; treating the metal oxide precursor coating to form a solid layer of the metal 
oxide; applying the interlayer oxide precursor 'to' the substrate to form ah interlayer 
oxide precursor coating on the substrate; treating the interlayer oxide precursor 
coating to form a solid layer of interlayer oxide; and annealing the layer of the metal 
oxide and the layer of interlayer oxide io form the thin film of metal oxide. Preferably, 
the interlayer oxide is bismuth oxide,' 81^05. - 

Turning now,fo r examples of integrated circuit devices in which the inventive 
materials and process may be used, ft should be understood that FIGS. 1 - 4 and 12 - 
16 depicting integrated circuit "device's : are not meant to be actual plan or cross- 
sectional views of any particular portion of an actuar integrated circuit device. In the 
actual devices, the layers will-not be as regular and the thicknesses may have different 
proportions. < In particular^ the relative-thickness of the layers, such as the layers of the 
capacitors, and* transistors, cannot be actually shown, since otherwise some layers, 
such as the gate insulating layers in FETS 240, 350, 450, and 550 (FIGS.' 13 - 16), 
maybetoothintdse&clearly, andiothers r -such:assubstrate302and passivationlayer- 
342 in wafer 301 (FIG: 1;2);-'may be ; tod thick to include on a single sheet of paper. 
- The figures instead show idealized representations which are employed to depict more 
clearly and fully the-features of the invention than would otherwise be possible. 

In FIG . 1 , there is shown a cross-sectional view of an integrated circuit capacitor 
50 containing a thin film metal oxide 56 in ; accordance with the invehtfdn. ' While we 
shall discuss capacitor 50 in termsof an integrated circuit, it should be understood that 
capacitor 50 can also represent a bypass capacitor in a MMIC. Integrated circuit 
capacitor 50 is preferably formed on a wafer 51 that may be silicon, gallium arsenide, 
ruby or other semiconductor, or an insulator, such as glass or magnesium oxide 
(MgO). In the preferred embodiments described herein, it is a P-type silicon wafer of 
about 15 to 20 centimeters in diameter. Preferably, it is a single crystal. Layer 52 of 
about 500 nm of silicon dioxide is grown on silicon wafer 51 by conventional methods. 
Then, first electrode 53 is formed by first sputtering 20 nm of titanium layer 54 followed 
by 200 nm of platinum layer 55. As is known in the art, the titanium assists in adhering 
platinum layer 55 to oxide layer 52. The incomplete device is then annealed in an 
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. oxygen furna.cev.pref9cably.for.30 minutes at 650 °C: The annealing in oxygen serves, 
among other things,, to stabilize. the;titanium in titanium Jayer. 54. Next, thin film 56 of 
metal oxide is formed on substrate 64, as. will be .described in detail below. Then 
second electrode 63 is formed, preferably by sputtering another 200 nm thick layer of 
. 5 ., platinum. Further details of the capacitor formation process will be described below. 
, A charge storage, cell 80 in. which the invention may be used is shown in FIG. 
2. Cell 80 is formed on a silicon substrate 8.1 , and includes field oxide areas 82, and 
two electrically, interconnected electrical devices, a transistor 83, and a capacitor 84. 
. Transistor, 83 includes a source 85,, a drain 86, a gate 87, and a gate dielectric 92. 
1 0 Capacitor 84 includes first or bottom electrode 88, thin film capacitor material 89, and 
second or top^electrode 90. Optional: buffer layers 72 and 74 sandwich capacitor 
material .89. First electrode 88 is shown as a single element because of the scale of 
the drawing, though it should be understood that it will usually comprise two or more - 
different layers, as discussed with respect to electrode 53 of FIG. 1 , above. Interlayer- 
15 dielectrics, such as .93, separate, devices 83 and 84, except where drain 86 of 
transistor 83 is connected-to first~electrpde788 of capacitor,84. /Electrical. contacts, 
such as 94 and 95, make electrical connection to devices 83 and 84 and to other parts 
of integrated circuit 91— lf-layer,89 -is a r high-dieleetric=constant- material=integrated= 
circuit charge. storage device 80, is a .D.RAM cell;, if layer: 89 is a ferroelectric, then 
20 device 80 is a FERAM cell. .ThenonTferroejeptric+righ dielectric constant materials of 
. the invention, may be used as gate dielectric 92, either of . -buffer layers 72 and 74, 
capacitor dielectric material 89, or interlayer dielectric 93. The ferroelectric materials 
of the invention. may be.used as capacitor material 89. r : 

FIG. 3 depicts a/netaLoxide device;1 00 including a substrate 102 supporting 
25 dielectric capacitor 104. Thin film 1,12 of metal oxide js a virtual stacked structure 
^combining alternating layers 1 1 4, 11 8 and 1 22 of metal oxide and layers 1 1 6, 1 20 of 
bismuth oxide. . • 

Substrate 102 includes semiconducting wafer 106, preferably .silicon, and 
insulating layer 1 08, preferably** silicon dioxide. Capacitor 1 04 contains metal bottom 
30. electrode 110. The metal bottom electrode structure can be any metal or electrode 
structure suitable. for use in integrated circuits, e.g., aluminum, gold, ruthenium, 
rhodium, and palladium. As discussed in reference to FIG. 1, bottom electrode 110 
is preferably made of a combination of platinum sublayer and a titanium sublayer (not 
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shown separately in FIG. 3) where titaViiunrTfunctions as an adtiesioh metaltci prevent 
peeling of the platinum component away froirrthe oxide i layer.' Tantalum, iridium and 
iridium oxide are also useful as adhesion f metals. The titanium or other a'dhesion 
metal is typically sputtered to a thickness iahgingfrom 1'0 nm to-20 nm. The platinum 
5 preferably ranges from 1 00 nm to 200 nm thick: The metai layers of bbttom^electrdde 
1 1 0 are formed by conventional atdmic : spMefi'ng technique's, such as DC magnetron 
sputtering or radio frequency sputtering.- :j ■ ■ov'v.:'. ~.c ...... 

A thin film 1 12 of metal-oxide ih-accbfdance-Wrth the invention is located on 
bottom electrode 1 1 0. Layer 1^1 2 is' preferably' less'tharabPu't 400 nm thick, and most 

1 0 preferably less than about '260 hm- thick: : Thin film 11 2 is a virtual stacked structure 
in which layers 114, i 1 8 and 122 -of me'tai oxide' alternate with- layers 1 16, 120 of 
bismuth oxide. Thin film 11 2 is typicaHy formed by applying a single type of precursor 
to the substrate and treating the precursor so that th£ layered structure of thin film 1 1 2 
spontaneously forms upon treating.' The r da"s f hed lines between layers ; 1 14, ; 1 16; 11 8, 

15 120 and 122 signify that- these' layers -are' not formed separately, but rather form 
spontaneously as integrated parts -of a' single, interconnected chemical compound 
structure. ': "" - •• -' : '' rr -'mo.:-^:: .-■>■■; .v '• '• '•' ~ • 

.z^zz..-=z—-— FIG. 4 depicts a metal dxideVdevice'-I^O including a'substrate=1 02 supporting f=~^ 

dielectric capacitor 1 44 including a thfh : film ; rhbtal ? oxi(je : 1 52? Thin film 1 52 is an actual 

20 : stacked structure. Thin filrti 1 52'e©mprise§ distinct layers that are separately formed 
and then typically annealed tdgeth'eV^ liayeYsl 50, f54 and 1 58 comprise metal oxide 
and alternate withbismuth oxide layers "f 52 ahcf'ise: : The soiid lines between layers 
150, 152, 154, 156 and f58'i\gm^ : sep&am, distinct- layers 'bf r mat'enal that are 
individually deposited. Each sdlid line between^the alternating layers of the thin film 

25 represents an interface between the' alternating types of layers; however, it is clear 
that there may be" some interdiffusfon brbonding of atoms between adjacent layers 
so that the interface may not be clearly defined. The term "interface" in this disclosure 
has its usual meaning and refers to the area of physical contact of a surface of one 
distinct layer with the surface of an adjacent distinct layer. 

30 ; Terms of orientation, such as "top", "upper", "below", "bottom", and "lower" 

herein mean relative to semiconductor substrate 51,81, 1 06, 302 and 402 in' FIGS. 
1 - 4 and 12-16, respectively. That is, if a second element is "above" a first element, 
it means it is farther from the semiconductor substrate; and if it is "below" another 
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- . .element, then.it is,closerto the-semiconductor substrate than the other element. The 
, . long dimension of semiconductor substrate 5J , 81 ,> 106, 302 and 402 defines a plane 
that is considered to-be a "horizontal 1 ; plane herein, and.directions perpendiculartothis 
plane are considered to be "vertical". The terms "oyer" and "directly over" are used 
5 . .. synonymously when at least a portion, of a- particular layer is vertically straight above 
at least a portion of anpther layer. For example, in FIG. 1 , top electrode 63 is directly 
over silicon dioxide film 52.- The terms "over" and "directly over" do not mean that the 
particular layer is in direct contact with an. underlying layer. For example, metal oxide 
. : film 56. typically does not contact the top surface of semiconductor substrate 51 , but 
10 it is above it. The term "on", is often used in the specification when referring to the 
deposition or formation of an integrated circuit layer directly onto an underlying 
substrate or layer. In contrast to "over" and "directly over", the terms "on" and "onto" 
. . generally signify, direct contact, as js t dear in the various .contexts in which they are 

- USed. ............. ■ ,. - ; - - 

15 The term "thin film" herein means a thin film-of a thickness appropriate to be 

used in an integrated circuit. Such thin films are less than 1 micron in thickness, and 
generally are in the range of 1 nanometer (nm) to 500 nm. "It is important to distinguish 
r _ -jjhis term from the same term ,- i.e., "thjn .film," as used in essentially macroscopic arts; " 

such as optics, where "thin film" means a film oyer 1 micron, and usually from 2 to 1 00 
20 , microns. Such macroscopic*, "thin films" are,hundreds to, thousands of times thicker 
than integrated .circuit "thin films", and are made .by entirely.different processes that 
generally produce cracks, , pores.and-other. imperfections that would be ruinous to an 
integrated circuit but. are of no consequence in optics and other macroscopic arts. 
In FIG. 5 is shown, the, flpwsheet of generalized preferred process 200 for 
25 fabricating a thin film of metal oxide ; 56,-89, 1 12 according to the invention in memory 
capacitor 50, 84, 104 of an integrated circuit. The process begins with the formation 
.of a precursor solution in steps 202 through 208, and the preparation, in steps 210 
. and 212, of substrate 64, 88, 1 04 to which the precursor solution is to be applied. 
Both the words "substrate" and "precursor" are used ambiguously in the art. The word 
3Q "substrate" can mean underlying wafer 51 ; 81, 106, 302 and 402 on which the 
integrated circuit is formed, as well as any object on which a thin film layer is 
deposited. In this disclosure, "substrate" shall mean the object to which the layer of 
interest is applied; for example, when we are talking about a metal oxide layer, such 
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as 56, substrate 64 includes layers 51 p'52'; 54 and 55 dh- which metal layer 56 is 
formed, unless the context indicates otherwise. 1 In contrast, the term "semiconductor 
substrate" herein means the initial semiconductor wafer material, usually silicon, and 
its doped regions. Thus, the t'errh "semiconductor substrate" refers to layers 51,81, 
106, 302, and 402. In the art, the word "r^recursd^'cah'mean a solution containing 
one metal which is mixed with other "precursors"'^ form the solution to be applied to 
the substrate, or the solution which is applied "to a substrate. In this discussion, we 
shall generally refer to the individual precursors that are"rhixed:tb form the solution that 
is applied to the substrate as -initial precurs6rs i,; arVd the precursor as applied to the 
substrate as the "final precursor" of just "precursor^ ' ' 

General methodsfdr rnakihg precursors of metal oxides are described in United 
States Patent Number 5,559;260, issued September 24, 1996 to Scott et al., which is 
hereby incorporated 'as if fully contained herein. Methods for fabricating thin films of 
perovskite metal oxides are described in United States Patent Number 5,624;707, 
issued April 29,. 1 997 to Azuma et al:, which' is hereby incorporated as if fully contained 
herein.'' -■.'•'.= " r - 'i :1 ~<-'-r;rj-,. '->'■■ ~ . ■ " 

In step 202 of FIG .5; initial precu rsbrs for the A-site , S-site (if appropriate) , and 
B-site atoms are prepared^ As shown' ihlFIG: 5," the'-A-site-precursors may include 
precursors for element ■ A-atbms~dr element A'-atoms Pr both, depending on the 
desired composition bf : metal Oxide: ; The "symbol B of FIG. 5' indicates an initial 
precursor for element B-atoms. The designation J 'bfher" may signify one or more B"- 
atom precursors, or 'one of more S-site precursors, ororie or more A-site precursors, 
or a dopant, as described in United States'Pateht dumber 5,624,707, issued April 29, 
1997 to Azuma'et al; In step '202 of FIG- 5-; the ; elements Sr, Ba, Ta, and Nb that 
correspond to .-the A, A', Ta, and "other"ihitial" precursor, respectively, for a (Ba^r,'. 
x )(Ta y Nb 1 . y ) 2 0 6 precursor are shown in parentheses above the initial precursor to which 
they correspond as an example of a final precursor according to the invention. 

Typically, a stock solution for the desired metal oxide of the invention is 
prepared by mixing the initial precursors of the individual metal elements in step 204. 
This step may be done just prior to deposition of thin film 56, 89, 1 12, but is generally 
done well in advance. The solution preparation steps 202 and 204 are preferably 
done under an inert atmosphere. A feature of the method of the invention is the use 
of metal organic deposition ("MOD") precursors and deposition techniques for forming 
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.the high dielectric .constant insulator, thin films according to the-invention. Individual 
MOD precursors are formed by. interacting each of the metals of a desired compound, 
for example.vcerium for the barrier layer compound, -arid strontium and tantalum for the 
high dielectric compound, or an alkoxide of the metal, with a carboxylic acid, or with 
a carboxylic acid and an alcohol, and dissolving the reaction product in a solvent. 
Carboxylic acids that may be used, include 2-ethylhexanoic acid, octanoic acid, and 
neodecanoic acid, preferably 2-ethylhexanoic acid. Alcohols that may be used include 

- 2-methoxyethanol, 1-butanol,.1-pentanoI, 2-pentanol, 1-hexanol,2-hexanol,3-hexanol, 
. 2-ethyl-1-bu.tano.l, . 2-ethoxyethanol, yand 2-methyl-1-pentanol, preferably 2- 
. methoxyethanol. Solvents that may be used include xylenes, n-octane, 2- 

methoxyethanol, n-butyl acetate, . n-dimethylformamide, 2-methoxyethyl acetate, 
methyl isobuty I ketone, methyl isoamyl ketone, isoamyl alcohol, cyclohexanone, 2- 
ethoxyethanol, : 2-methoxyethyl ether, methyl butyl ketone, hexy I alcohol, 2-pentanol, 

- ethyl butyrate, nitroethane, pyrimidine, 1.„ 3, 5 trioxane, isobutyl isobutyrate, isobutyl 
propionate, propyl propionate, ethyl lactate, n-butanol, n-pentanol, 3-pentanol, toluene, 
ethylbenzene, 1-butanol, 1-pentanol, 2-pentanol, 1-hexanol, 2-hexanol, 3-hexanol, 2- 
ethyl-1-butano.l, 2-ethoxyethanol,.and 2Tmethyl-1.-pentanol, as well as many others. 

— — — Breferably^the-A^site-atoms are;strontium and barium,- the B-site atoms are 
tantalum, and the S-site atoms are bismuth. Preferably, the stock solution is prepared 
by reacting stoichiometric amounts of barium,.strontium, bismuth (where appropriate) 
and tantalum with 2-methoxyethanol and 2-ethylhexanoic acid. Other compounds may 
be used to, form the. precursor .solution, including .alkdxides, carboxylates, 2- 
ethylhexanoates, nepdecanoates, and octanoates of the respective metals. 

The precursor prepared in step 204 is preferably the final precursor. However, 
optionally, the mixture may be further, heated to distill it in step 206, or,: in step 208, an 
additional solvent or solvents may be added just before application of the precursor 
to adjust the concentration to be optimum for the particular thin film to be formed. For 
example, n-butyl acetate may be added.to adjust the viscosity and boiling point, or a 
solvent exchange step may. take place simultaneous with or subsequent to the 
concentration adjustment. The solvent exchange primarily replaces a solvent that is 
convenient for manufacturing the stock solution and/or which makes a precursor that 
stores well, for a solvent that has a viscosity appropriate for the application process, 
such as the preferred "spin-on" process. An appropriate viscosity herein preferably 
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means a lower . viscosity than the stock solution. ' Preferably ,-M*h'e~sblverit exchange, 
xylene is exchanged! for the 2-methoxyethanol soiventof the stock' solution. In the 
xylene exchange, xylene is added to the solution and the solution is^ heated -to about 
130°C while stirring to boil away, the other solvents, such as 2-methoxyethanol. The 
5 solvent exchange step, while very useful,- is^otnecessary: N-'b'utyl acetate also has 
been found to be a solvent that works iwellrthusj the- solvent exchange may be an n- 
butyl acetate exchange. This method of forming the ^precursor allows extremely 
accurate amounts of initial precursors to bei added 'to the stock solution, and the 
thorough stirring in the solvent exchange step! Ofothermixing step, ensures uniform 

10 mixing of the precursor compounds. The use of nrietaloPganic- precursors described 
herein is important because gels; are not formed, which gels would tend to impede the 
mixing and uniform dispersion of the precursor constituent's. All liquid chemicals used 
in making the precursors, such as xylene, n-buty) acetate, and 2-methoxyethanol, are - 
preferably semiconductor grade, chemicals, whichHis a well-known- term - in the 

15: semiconductor art; . ■. . :;• ; , - .; • • ' '■. ; : -- '' ' 

The application of the finarprecursor in step 214 to form a liquid coating on the 
substrate may be: by a; misted deposition process as described in United States Patent 
No. 5,456,945, mentionedabove. though dip coating and other methodsof applying 
a liquid to a' .substrate;^ may -be .dsexi. -Preferably, a spih-on process is used. 
.20 Preferably, the wafer is spun at a spin rate of between 750 RPM and 6000 RPM for 
a period of five seconds to -one minute, With these 1 parameters depending on the 
concentration and viscosity of. the so1ution:being applied and the desired thickness of 
the resulting layer. In steps 21 6 - 222, the precursor on the substrate is : then treated 
to form a solid thin film of metal oxide. The^stepbf treating may include' heating in the 

25 form of drying, baking, annealing; or an RTP (rapid thermal-process) step. : Baking 
herein means heating at temperatures below the anneal temperature of the material. 
. The RTP step may either be an RTP bake or an RTP anneal. 'Generally; the treating 
is by heating, but as described in United States Patent No. 5;456,945, it may 
alternatively or additionally be treated by exposing the substrate and precursor to a 

30 vacuum, or by exposing to ultraviolet radiation. In the preferred embodiment, the 
precursor is treated by drying in step 216, baking in step 218, and oxygen annealing 
in step 222. The drying step 216 is done at a temperature of between 100°C and 
500°C for a time of between 30 seconds and 10 minutes, preferably on a hot plate. 
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Preferably, the.dryjng.is: done; in^a plurality of drying suDsteps, each one at a higher 
, temperature, than the previous .one: In "Examples 1 to^below.the drying was done 
, in two substeps, one at 1 50°C for one.minute and another at 260°C-for four minutes. 
Bake step 218 may also include a<ra*pid thermal process (RTP) bake or a furnace 
.bake, though in the preferred embodiments is a hot plate bake. If an RTP step 218 
is utilized, it uses a halogen light source to raise the wafer rapidly to a high 
temperature in the range from 500°Cto 850°C for a bake time of between 1 5 seconds 
and three minutes. Step 222 of annealing is done at a temperature of from 500°C to 
850°C from 30 minutes to three hOurs.) ln Examples 1 to 3 below, the annealing was 
done at 800°C for 70 minutes.; If a single coat of precursor is applied, drying step 21 6, 
baking step 218, and annealing step 222 are performed consecutively. However, 
usually two or more coats of final precursor are applied. In a multiple coat process 
220, drying step 216 and bake step 21 8 . are performed after each application of the" 
precursory and then, the next coat of precursor is applied. Anneal step 222 is 
preferably performed after all the coats of precursor are applied, but may be 
performed after each drying. . . v ..v. : = . 

After the desired ;number of coats of precursor are : applied, dried, baked, and 
annealed, top electrode 63; 90^124 is deposited ^n~&^p 1 22^f^'^WW'spM^tii^ 
a layer of platinum? Then, in step 226', the£capacitor is. patterned in a conventional 
process, such as ion milling, ichemical etching, etc; In the examples below, an ion 
milling process with a negative mask- photolithography was used to delineate 
capacitors. The resist strip was performed.using a standard IPC with 300 watts of RF 
power for 30 minutes. Then ; :in step 228/a second oxygen anneal is performed. The 
second anneal is at a temperature of from 500°C, to 850°C from 15 minutes to one 
hour, fn Examples 1 to 3 below, the second anneal was done at 800°C for 30 minutes 
with a 1 0 minute push into the furnace and a 1 0 minute pull out of the furnace. Finally, 
in step 230, the integrated circuit is completed using conventional processes. 

The completed integrated circuit 80 preferably includes at least a portion of the 
pxide material of the invention, such as dielectric thin film 56, 89, 1 12, in an active 
electrical component of the integrated circuit. An active electrical component is a 
component which actively participates in a function of the circuit; for example, 
dielectric thin film layer 89 is an active component because it provides the dielectric 
function of memory capacitor 84, whereas insulator 92 is not active in that it serves 
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only to separate. the. electrical elements;of integrated-.circuit SO. - 

In DRAMs and; bypass capacitors,; the value of the voltage coefficient of 
capacitance, Vcc, should not exceed-10% throughout the operating range. In gate 
dielectrics, the , Vcc value .should nob exceed ^5%'. For most integrated circuit 
applications, the value of the temperaturexoefficient of capacitance* calculated for a 
temperature range, of 20?Cto 140°C should not :exceed 100 ppm; however, in other 
applications, the value of Tec is not so: critical" arid; values of 1000 or higher are 
acceptable. . ' ■ - ' r " - 

•: EXAMPLES z>~- r >:-< ;> < ■ ■ • • • 
A series of P-type 1 00 Si wafeDsubstrates 51 Were oxidized' to form a layer of 
silicon dioxide 52. The substrate wasifdehydrated-in a^vacuurri oven at 1 80°C for 30 
minutes. An adhesive layer; 54 consisting substantially of titanium and having a 
thickness of : 20 nm . was sputter^deposited "on ^the substrate, e using " an^argon 
atmosphere, 8 mTorr pressure and 0.53 amps. Then, under similar sputter conditions, 
a bottom platinum electrode 55 having a thickness of 300 hrri was deposited. Next, 
the bottom electrodes were pre-annealed at 650°C for 30 minutes in 0 2 gas flowing 
at6 l/m, using 1 0. minute pushrpuH.i . A dehydratidffbake was conducted in a vacuum 
oven at ,1 80°G-fpr-i3Q-;min.u.tes^^^ — : - ; ' ; ' ' ■ "'■ ~ ' " 

A series of 0,25 molar (Ba^Sr^Taa precursor solutions was prepared in which 
the stoichiometric amounts of barium and strontium varied, corresponding to values 
of x between 0.0 and; 1.0 in intervals; of 0".1;. The solutions were* diluted to 0.15 molar 
concentration lusing: >n-butyl . acetate solvent. Oh each experimental wafer 
corresponding to a-particulaf.stoichiometry of precursor, a^first spincoat of O.i 5 molar 
solution of : precursor }Was^ deposited ohtbottom' electrode 5 55 ; at 1400 rprri for 30 
seconds. This was baked using a hot plate for one minute at 150°C, theri'at 260°G 
for four minutes. An RTP-bake was conducted at 725 °C for 30 seconds. The 
sequence of spin-on, drying and baking was performed a second time. The resulting 
. thin film of solid material was annealed at 800°G for 70 minutes in Q 2 gas flowing at 
6 l/m, using 10 minute push-pull, to form a thin film of.polycrystalline (BaxSr,. x )Ta 2 0 6 
with a thickness in the range of 160 nm to 170 nm. Next, platinum was sputter- 
deposited to make a top electrode layer 63 with 200 nm thickness. If more than three 
hours had elapsed between annealing the strontium tantalate thin film and depositing 
the top electrode, then the wafer was dehydrated in a vacuum oven at 180°C for 30 
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.... .minutes before deposition -of the, top; electrode. The platinum and strontium tantalate 
layers wereion-miljed to form the capacitors, and then ashingwas performed, followed 
by a final oxygen anneal for 30 minutes at 80O°C in 0 2 -gas flowing at 6 l/m using a 1 0 
minute push-pull. The individual, patterned capacitors typically had a surface area of 
5 about 7800 square microns. The film thickness of the thin film of dielectric metal oxide 
in each of the individual capacitors was . in the range, of 150 nm to 200 nm. All 
processes were performed in .Colorado Springs, Colorado. 

The resulting material was not, ferroelectric. The capacitive and dielectric 
properties of the thin films of . (B^Sr,. JTa 2 0 6 and the capacitors were measured. The 

1 0 measurements were typically performed on one individual capacitor device selected 
from each of the eleven different wafers processed. The capacitance was measured 
in the voltage range from zero to ±5 volts, and the value of Vcc was calculated. 
Capacitance was also measured over the temperature range of 20°C to 140°C, and 
the value of Tec calculated. The capacitance value of each test capacitor measured 

15 at 20°C was converted to a corresponding value" of dielectric constant, £ 20 . The 
experimental results are presented in table 1 . 



Table 1 



25 



Capacitor 
Number 


X 

(Ba) . 


. 1-x : .;- 
(Sr).- 


■ . • ■ Tec ... 
ppm 


• - Vcc 
%, 5V 




1 


0.0. 


,:, v1-:0 . .... 


■ ; , -884: 


-0.58 


92.2 


2 . 


0.1 


0,9,' ;. ; ; 


. :■ -860 . 


, -0.50 


90.6 


3 


0.2 


0.8 


-864 


-0.49 


89.2 


4 


0.3 


, 0.7 •: . 


-865 


-0.45 


88.8 


5 


0.4 


: . 0.6 


-877 


-0.46 


93.5 


6 


0.5 ' 


. .. ^"0.5 " 


-870 


-0.51 


- 88.9 


7 ' 


0.6 


0.4 


-887 


-0.54 


93.2 


8 


0.7 


0.3: 


-710 


-0.40 


57.4 


9 


. 0.8 


0.2 


-89 


0 


39.1 


io 


0.9 


0.1 


-91 


0 


34.6 


11 


1.0 


0.0 


-177 


0.21 


46.2 
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10 



15 



20 



25 



In Table 1 , the value of Vcc is less- than "1 % ; for all values of x.' The lowest value 
of Tec is about 90. for capacitors 9 arid TO,- in which xwas 0.8 - 0.9. According to the 
data in Table 1 , the best-results with respect to Tec were achieved when x '= 0.8 in the 
precursor for the (Ba x Sr,j,;)Ta20 6 -material, : for which the dielectric constant; £ 20 , had 
a value of about 40. 

Thus, the experimental values of the (Ba x Sf 1 _ x )Ta 2 0 6 -rhaterial of the invention 
satisfies the requirements of Vcc and' Tec for 5 Volt operation, as well as 3 volt 
operation. The material showed virtually no dependence on applied voltage. In 
contrast, in other known high dielectric rriaterials; such' as BST, the value of the 
dielectric constant, 8, peaks sharply when the applied voltage approaches zero volts, 
and the value of £ typically decreases 60% and more between zero volts and ±3 volts. 

EXAMPLE 2 

Experimental capacitors were fabricated according to the method of Example 
1 , but using precursor solutions for metal oxide material with the stoichiometric formula 
(Ba x Sr 1 . x ) 2 Ta 2 b 7 corresponding to Values of x between 0.0 and 1 .0 in intervals of 0.1 . 

Measurements and calculations were made similar to those in Example 1. 
Again, the material was not ferroelectric. The results are shown in Table 2. The 



experimental value of Vcc was virtually zero for all values of x. The value of Tec was 
about 100 or less for values of x up to about 0.6. Within this range, the value of £ 20 
was a : maximum:of abput,.40 at x=0.6.... At x=0.9, the value of £ 20 was about 60, and 
Tec was about 1 80. Thus, the expe.rirnental values .of the (Ba x Sr 1 . x ) 2 Ta 2 0 7 -material of 
the invention satisfy the requirements of Vcc and Tec for 5 volt operation, as well as 
3 volt operation.. - - • . 

Table 2 : 
T ~ . (Ba^J^O/ 



Capacitor 


X 


1-x 


Tec 


: Vcc . . 


£20 


Number 


(Baj " 


" (Sr) 


' ■• ppm 


%, 5V 




1 


0.0. 


1.0 


o 


0.'. . 


20.8 


2 


0.1 


' 09 


0 : 


.0 


27.2 


3 


0.2 


0.8 


65.1 


0 


. 28.9 


4 


0.3 


0.7 


-59.5 


0 


34.2 



30 
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• 5 - . - ■ 


- - 0.4 ' 


; - • 0:6 - ' 


• -58.7 




34.1 


' 6 


0.5 


'■ : 6.5 : ' 


-53.4 ' J ' 


0 


36.5 


' 7 


0.6 


' 0.4 : 


-101 ::: 


:. T q - ■ 


38.7 


8 " 


0.7 


1 0.'3 


' -138 


0 


42.5 


9 


0.8 


■ - '6:2- 


' -172 


0 


45.5 


10 


0.9 


' '0.1 


-182 


0 


62.7 


11 


1.6 


0.0 


53.4 


o ! 


37.5 



"•' EXAMPLE 3 

10 • Experimental capacitors were fabricated according to the method of Example 

1 , but using precursor solutions for metal oxide material with the stoichiometric formula 
(Ba x Sr 1 . x ) 2 Bi 2 Ta 2 O 10 corresponding to values of x between 0.0 and 1 .0 in intervals of 
0.1. According to the invention; the "composition of the liquid precursor and the 
resulting thin film of metal oxide may be viewed as a combination of the pyrochlore- 

15 type oxide (Ba x Sr n _ x ) 2 Ta 2 0 7 and ByOg: ' ^ - 

Measurements and calculations Were made similar to those in Example 1. The 
material was not ferroelectric. The results for values ofx in the range 0^x^0.7 are 
shown in Table 3. > ■ r ■ : > ■ 



table 3 

(Ba x ^r 1:X ]i 2 Bi 22 Ta 2 C> 10 



Capacitor 


X 


. .. 1-x . . 


, . Tec . , 


... ; VCC . 


^20 


Number 


(Ba) 


(Sr) 


. ppm , 


. ...%, 5V 




1 


. 0.0 


, : .1.0 . 


45.3 ■ 


o 


50.9 


. 2 


0.1 , . . .. 


•., 0.9 


: 0 


0 


49.4 


3 


0,2 . 


0.8 . 


41 .3 


0 


53.0 


4 


0.3 


' 0.7 


42.1 


0 


52.6 


5 


0.4 


0.6 


38.8 


0 


57.0 


6 


0.5 


0.5 


38.1 


0 


58.1 


7 


0.6 


0.4 


74.1 


0 


59.4 


8 


0.7 


0.3 


105 


0 


64.4 
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The experimental value of Vcc was virtually zero for alLvalues'of x. The value 
of Tec was about i 00 or Jess for ail values, of x up to about 0.8. Within this range, the- 
value of s 20 was a rhaxim.um of about 60 ; at 6.4^x^0.8. Thus, the experimental values 
of the (Ba x Sr 1 . x ) 2 Bi 2 Ta 2 O 10 -.material of the invention satisfies the requirements of Vcc 
5 and Tec for 5 volt operation, as well as 3.yqlf operation^ There was a large jump in the 
Tec-value at about x=0.6. ThereforeVtf a "low value of Tec is critical, the preferred 
value of x based on the experimental-datainT able 1 is psxk0;.'6'.~ At x=o:4-0.5, Tec is 
about 40 ppm, and the value of is about"60. Th'e value of s 20 of about 60 is 50% 
higher than the maximum values, measured in Examples 1 and 2 for Tecs 100, and it 

10 is several times higher than the.dielectric constants ; of-ecnventionalclieiectric materials 
used in integrated circuits. ..... .... .<,-,.••- •;. . ' 

,. EXAMPLE.4 c . .,- 

A series of P-type 100 Si wafer substrates 51 were oxidized to form a layer of 
silicon dioxide 527 The substrate .was dehydrated in a vacuum oven, at 1 80°G,for 30 

15 minutes. An adhesive layer 54 consisting substantially of titanium and having a 
thickness of 200_ .A,- was^^sputte^depositedo-on^he. -substrate, using an. argon 
atmosphere, 8 mTorr pressure and,p ? 53 amps. Then, :under similar sputter conditions, 
a bottomplatinum _ electmde^55~riaving a thickness" of 3000 A was deposifed. Next, the ~ 
bottom electrodes were pre-anneale.d at 650 °C for 30 minutes in 0 2 gas flowing at 5 

20 l/m, using 1 0 minute push-pull.., A dehydration bake was conducted in a vacuum oven 
at 1 80°C for 30 minutes.! A- 0.25 molar SrTag precursor solution was diluted to 0.1 5 
molar -concentration using h'-butyl: acetate solvent. A first spincbat of "0.15 molar 
solution of the strontium.tantalum precursor- was deposited on bottom electrode 55 at 
2000 rpm for 30 seconds. ^This was baked using a-bot.plate for'one. minute at 160°C, 

25 then at 260°C for four minutes. When this^sequejice of the.spihcoat and bake steps 
was repeated for a second spincoat, the 'thickness of the resulting thin films of solid 
material on the different wafers varied from wafer- to wafer in the range from 500 A to 
950 A. If only, a single coat was applied, then the film thicknesses were about 300 A. 
Three or four spin : oh coats were applied to achieve film thicknesses of about 2000 A. 

30 After the desired film thickness was achieved, the thin film of solid material was 
annealed at 800 °C for 60 minutes in O z gas flowing at 51/m, using 10 minute push-pull, 
to form a thin film of polycrystalline SrTaaOg. Next, platinum was sputter-deposited to 
make a top electrode layer 63 with 2000 A thickness. If more than three hours had 
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elapsed between annealing the strontium tantalate thin film and depositing the top 
electrode,. then the.wafer was dehydrated in a vacuum,oyenat 180°C for 30 minutes 
before deposition of the top electrode. The platinum and strontium tantalate layers 
were ion-milled to form the capacitors, and then ashing was performed, followed by 
a final oxygen anneal for. 30 -minutes a ; t.8Q0°C in 0 2 gas flowing at 5 l/m using 10 
minute push-pull. The individual patterned capacitors typically had a surface area of 
about 8000 square microns... All .processes were performed in Colorado Springs, 
Colorado. , . .. , , ....... , 

The capacitive and dielectric properties of the thin films of SrTa 2 O e and the 
capacitors were measured. The materials were not ferroelectric. The measurements 
were typically performed on "about 20 individual devices selected from about five 
different wafers. Representative results are presented in FIGS. 6-11. 

FIG. 6 is a graph of the measured capacitance, F/^m 2 , as a function of applied 
voltage for a SrTa 2 O s capacitor according to the invention made by the exemplary 
process described above. The capacitance was measured in the voltage range from 
zero to about ±5 volts. The capacitor had an area of 7854 ^m 2 , and the SrTa 2 O e thin 
film had a thickness of 750 A. The almost flat curve indicates virtually no influence of 
_.voltage_on capacitaoce^overj-the range of operating voltages in a typical integrated 
circuit, jn gate dielectrics^ the voltage coefficient of capacitance, V^., should not 
exceed 5%. In DRAMs and bypass capacitors, the value should not exceed 1 0% 
throughout the operating range. ThusV'the SrTa 2 0 6 -material of the invention satisfies 
these requirements for 3 volt operation. In contrast, even the best of previously 
known' high dielectric materials,' such as BST, the capacitance (and e r value) peaks 
sharply when the applied voltage approaches zero volts, and the capacitance value 
(and s r value) typically decreases 60% and more between zero volts and ±3 volts. 

FIG. 7 is a graph of the measured leakage current versus applied voltage in the 
same capacitor sample from which the data of FIG. 6 was obtained. It shows a 
leakage current of about 1 0" 8 amps/cm 2 or less over the normal range of operating 
voltages in an integrated circuit device; that is, ±3 volts. These values are at least an 
order of magnitude (i.e., a factor of 10) lower than leakage currents in nonlinear 
dielectrics, such as BST or PZT. 

FIG. 8 is a graph of the polarization value, in units //C/crn 2 , versus applied field, 
in kV/cm, in SrTa 2 d 6 capacitors, one with a thickness of 390 A, the other with a 
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thickness of 770'A: The graph shows a 'desired linear depeh'de'hbe bfthe polarization 
of the dielectric- orvapplied fieldf -it also shows virtually'ho dependenfce of polarization 
on film thickness, "-"^ ' : 

■ FIG. 9 is a graph of relative dielectric constant, £ r ,' versus frequency measured 
5 in a SrTa 2 0 6 thin film with a thickness of 2000' A. It shows that the dielectric constant 
is virtually independent of frequency out to 1 6^ Hz, which is beyond the normal range 
of operating frequencies of an integrated circuit. It aisb shows that' the dielectric 
constant consistently exceeds a value of 1 00. 

FIG. 10 is a graph' of the relative dielectric constant, £ r , "versus temperature 
1 0 measured at 1 0 kHz in a SrTa 2 6 6 thin f ilm with a thickness of 2000 A. It indicates that 
the dielectric constant decreases as temperature increases; however, it also shows 
that the dielectric constant exceeds 100 beyond the extreme operating temperature 
of 150°C. Moreover, ' in the temperature range of 50°C to100°C associated with 
normal operating conditions of an integrated circuit, the variation of s, .with temperature 

15 is less than 10%. . p , , , . . ;; , (i "Tr~r : - n ~r— — 

FIG, 1.1 is. a. graph of, the, relative, dielectrjc-cqnstant, . s ri versus thickness in 
angstrom unjts, for, a a..SrIa 2 Q & ca pacitor.-, The graph shows little dependence of 
dielectric constant on film thicknejss-,, and thereby indicates, tbat excellent potential for 
thickness scaling t of the dje^ectric-thjn : f|lm.;-. r .-._> ;. ;r : = .. 

20 , . ; ;o ^CnWJ.O 3 EXAMPLE 5 .;./-,;,;;■ . 

Experimental capacitors and .dielectric thin filnjs containing .dielectric metal 
oxide in place of or. in addition to Sr^aaO^were- fab.rjcated according to the method of 
Example 4.. The thin films, contained dielectric metal oxides with . a chemical 
composition represented by the general stoichiometric formula AB 2 Q 6 , wherein A 

25 represents at least one of strontium and barium, and B represents at least one of 
tantalum and niobium. Thus, thin films were made from precursors for the following 
dielectric metal oxides: SrTa 2 0 6 , SrNb 2 0 6 , BaTa 2 O s and BaNb 2 O e . The thin films 
fabricated and tested comprised both material containing only one particular type of 
metal oxide compound, such as SrNb 2 6 6 , and also solid solutions of a plurality of 

30 chemical species. In particular, thin films of the following single-compound metal 
oxides were formed and tested: SrTa 2 0 6 , SrNb 2 0 6J BaTa 2 O e and BaNb 2 O e . Also, thin 
films comprising a solid solution of metal oxides represented by the following formulas 
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. . . were- formed - and . tested;,- (Sr x Ba i;i )Nb 2 0 6 ,- where 0.25sx<0.75; and Sr(Ta y Nb 1 . y ) 2 0 6l 
. where Osxsl.. In fabrication of the experimental wafers - the values of the formula 
subscripts x and y in the preceding formulas was .varied by 0.2 over the ranges 
indicated. As in Example 4, the initial precursor solutions for each metal oxide were 
. 5 0.25 molar concentration; . for example, a 0.25 molar solution of BaTa 2 . Single-species 
final precursors were prepared by diluting with n-butyl acetate, as in Example 4. Final 
precursors for solid-solution thin films were prepared by mixing a plurality of initial 
precursors, and adding solvents necessary. = Several capacitors were fabricated and 
tested for each composition indicated; o ■ . 
10 The dielectric thin films: in the capacitors containing some or all non-SrTa 2 O e 

material had lower relative dielectric constants, e r , than measured for SrTa 2 O s -only 
dielectric material. The values of the measured relative dielectric constants, e r , were 
' typically in the range of 30 - 70. Nevertheless, and very importantly, the dielectric thin 
films and capacitors exhibited other p'roperties similar to SrTa 2 0 6 . That is. the effects 
1 5 of applied voltage, frequency, temperature and thickness on the materials of Example 
5 were similar to the effects of these factors on SrTa 2 0 6 in Example 4. Therefore, 
although the dielectric and capacitive values of thin films containing non-SrTa 2 O e 
material are - lower"tha~n~SrTatO;-6Tify" materia 

operating variables also makes them suitable for ' use' in integrated circuits. 
20 FIG. 12 shows a DRAM memory celt 300 in which the material according to the 

invention is used as a gate electrorfeV ? DRAM memory cell 300 includes transistor 31 4 

and capacitor 328 formed on ; a 'wafer 301" -'including semiconductor substrate 302. 

Semiconductor substrate'- 302 may ' 'comprise silicon; gallium arsenide, silicon 
- : germanium; or other semiconductor, and may also include other substrate materials 
25 such as ruby, glass or magnesium oxide. In the preferred embodiment, it is silicon. 

A field oxide region 304 is" formed on a surface of semiconductor substrate 302. 

Semiconductor substrate 302 comprises a highly doped source region 306 and a 
: highly doped drain region' 308, which are formed about a doped channel region 309. 

Doped source region 306, drain region 308 and channel region 309 are preferably n- 
30 type doped regions. Buffer/diffusion barrier layer 310 comprising a thin film of 

electrically nonconductive material according to the invention is located on 

semiconductor substrate 302, above channel region 309. Buffer/diffusion barrier layer 
310 has a thickness in the range of from 1 nm to 30 nm, preferably 1 nm to 5 nm. A 
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gate insulator 31 1 comprising a thin film Of high dielectric-constant insulator according 
to the invention is ^located on buffer/diffusion barrier layer 310. - Further; a gate 
electrode 312 is located on gate insulator 3T1 : : Gate insulator 31 1 has a thickness in 
the range of from 1 nm to 50 nm"; preferably from 5nmto 20 nm. These source region 
5 306, drain region 308, channel region 309y-'buffer/diffusion barrier layer 3-10, gate 
insulator 311 and gate electrode 312 tog'ether'forrh'aMOSFET^M. 

A first interlayer dielectric ("ILD") 'layer 31 6,-preferably rnade of BPSG (boron- 
doped phospho-silicate glass) is loGated bh Semiconductor substrate 302 and field 
oxide region 304. ILD 31 6 is patterned tb form vias'31 7, ; 31 8 to source region 306 and 
10 drain region 308,. respectively. o Vias 317- 'Sl'S arei filled Yd form plugs 319, 320, 
respectively. Plugs .319, 320 are. electrically ^conductive and typically comprise 
polycrystalline. silicon or tungsten.. Arv, electrically conductive buffer/diffusion barrier 
layer 321 according to the jnyentipnjs. located.; on _l LD 316 in_ electrical Gpntact with 
plug 320. Diffusion barrier layer 321 is made of, for example, Ireland, typically has 
15 a thickness of from 1 nrn tp.30 nm, preferably from .1 , nm to 5 nm. - ... ~, 

As depicted in FIG". 12, a. bottom electrode, layer 322. is located on diffusion 
barrier layer 321 . It is preferable that the bottom electrode.contains a non-oxidized 
_ _ precious metal such- as.iplatinpm./rpaHadjum^silver,- and : .-gpld...-_,l.n- addition-vto-the— 

precious metal, metal such as aluminum, alurninurn alloy, aluminum silicon, aluminum 
20 nickel, nickel alloy, copper alloy, and..aluminum copper may be used fpr electrodes of 
a dielectric or ferroelectric memory.-. ,Jn the .preferred, embodiment, bottom electrode 
322 is made of platinum arid has a.thickness of. 100 nm. . .Preferably T jt.-also includes 
. at least one adhesive layer (not, shown), , such as titanium,: to enhance. the adhesion 
of the electrodes to adjacent underlying. or.oyerlying .layers.. of the circuits, .Capacitor 
25 dielectric 324, comprising a thin film of high.dielectric.constant. insulator according to 
the invention, is located on bottom electrode layer 322- f Capacitor dielectric 324 has 
a thickness in the range of from 5 nm to 500 nm, preferably from 30 nm to 100 nm. 
A top electrode. layer 326, made of platinum and having a thickness of. 100 nm, is 
formed on capacitor dielectric 324. Bottom electrode layer 322, thin film capacitor 
30 dielectric 324 and top electrode layer 326 together form memory capacitor 328. 
Diffusion barrier layer 321 inhibits the diffusion of metal atoms and oxygen from 
capacitor dielectric 324 and bottom electrode 322 into the semiconductor substrate. 
A second interlayer dielectric layer (ILD) 336 made of NSG (nondoped silicate glass) 
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is deposited to^coyer If_D 31.6,.buff.er/diffusion barrier layer 321., and dielectric memory 
capacitor.328, A.PSG (phospho-silicate glass) film or a BP c SG (boron phospho-silicate 
glass) film could also be used in layer 336. ILD 31 6 and ILD 336 may also be made 
. of the metal oxide materiaUccording to the invention. ILD 336 is patterned to form 
5 via 337 to plug 319. A metallized wiring film is deposited to cover ILD 336 and fill via 
. ..337 and then patterned to form source electrode wiring 338 and top electrode wiring 
339. Wirings 338, 339 preferably comprise Al-Si-Cu standard interconnect metal with 
a thickness of about 200 nm to 300-nm.; - 

FIG.. 1 2 depicts only one of .many.yariations of dielectric memory cells that can 
10. be fabricated using T the method of the invention. The, shown structure in which 
capacitor 328 is stacked on top of ILD 336 and thus separated from transistor 31 4 is 
conventionally called a "stacked capacitor" structure.. The capacitor can also be 

formed in the contact hole to drain 308, ; as shown for example in United States Patent 
No. 5,466,629 issued on November 14, 1995 to Mihara-et al. The inventive 
15 composition and structure may also be used to form a gate insulator in the FET of a 
nonvolatile ferroelectric FET memory cell. FIGS. 13 - 1 6 illustrate some alternatives 
of this embodiment. . .. . - 

PIG • 1 3. shows a_ cross^ecJtiorjaLview_of a po^iorvpf . a_f erroelectric_FET 240 
according to the invention. The FET 240 includes a substrate 241 which is preferably 
20. p-type silicon. . A deep n-we|l 243 is formed in .substrate : 241 , and a less deep p-well 
245 is formed within, the n-well. Highly doped areas 242. arid 244, preferably n-type, 
. . formed in p r well.245.. .We shall refer to these doped areas-242 and 244 herein as 
. source/drains since they can.either.be. a source or a drain depending on the relative 
. voltages applied to. the areas. A channel region 246, preferably also n-type but not as 
25 highly doped as source/drains 242 arid 244, is.formed between the source/drains 242 
and 244. An insulating layer 251 is preferably formed on substrate 241 above channel 
region 246. In the preferred embodiment, insulating layer 251 comprises layers 250 
and 252, each of which is a different insulator, and at least one of which comprises a 
. material according to.the invention. A ferroelectric layer 254 is formed above channel 
30. . 246, preferably on insulator 252, and a gate electrode 256 is formed on ferroelectric 
254. Wiring layers form electrical contacts 260, 262, 264 and 266 to gate 256, 
source/drain 242, source/drain 264, and substrate 241 , respectively. Contact 266 is 
preferably located over the junction between deep n-well 243 and p-well 245. The 
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fabrication and function of'FET 240 is described in detail in copending United States 
Patent Application Serial No. 09/329,67bfiled June 10, 1999 1 by 'Li met al. 

FIGS. 14- l6 : Hius'trate various ferroelectric FET gate configurations. The 
details of the substrate architecture is "not shown in these FIGS. In the' preferred 
5 embodiment, the substrate architecture wdutd include deep - and pi- wells as shown 
in FIG. 1. However, these gate configurations can be combined with the substrate 
configuration shown in FIG. 13,' any ; 6f the 1 different substrate' and memory 
configurations discussed in United Statek^Patent Application Senaf No. 09/329,670, 
or many other substrate and memory 1 cbhfigu rations that are known or become 

1 0 available in the art. FIG. 14 shows a MFMISFET which can also serve as the FET to 
implement the invention! This 5 FET is again formed oh a 'semiconductor 351, and 
includes source/drains 352 and ; 353; ; channel 354, insulating layer 356, ferroelectric 
358, and electrode 359, but aiso ; includes a floating; gate electrode- 357/ Insulating 
layer 356 can 7 be a single insulating fayeY or multiple insulating layers as discussed " 

1 5 above and beldw. Contacts; wiring/layers and other architecture can take on any of 
the forms shown or discussed above. 1 

FIG. 15 shows a MFMISFET 450 similar to the MFMISFET 350 of FIG. 14, 
except that insulating layer 456'includes a barrier layer 461 and an insulator layer-460- — 
This FET is' agairr fertfleid'oh^af semiconductor 451, and includes source/drains 452 

20 and 453, channel 454V ferroelectric '458,' electrode 459," and floating gate electrode 
457. Barrier layer 461 is preferably iridium oxide (Ir0 2 ), '"but may also'be other suitable 
barrier materials- 3 lh addition, the MFMISFET 450 illustrates another' feature of the 
invention: the ferroelectric capacitor portion :464~ i.e;, the MFM portion; has a smaller 
capacitive 'area then the linear capacitor portion 465 'formed by conductor 457, 

25 insulator 456, and channel 454, i.e., the' MIS portion: Here "capacitive area" means 
the area of the capacitor in the plane of the capacitor, that is in a plane parallel to the 
long dimensions of the capacitor, which- is a plane defined by the horizontal-direction 
and the direction into the paper in FIG. 151 Since capacitance is proportional to the 
; capacitive area of the capacitor and the voltage drop across each of a number of 

30 capacitors connected in series is inversely proportional to the respective capacitances 
of the capacitors, this results in a larger portion of the total voltage drop across the 
FET being across the ferroelectric. This, in turn, permits the ferroelectric FET to 
operate at a lower voltage. Preferably, the capacitive area of the MIS portion is 
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- between 2 Jimes-and. 1,0. times the : capacitive area of; the MIS portion, and most 
.preferably, about 6 ;times^. This. feature of making the ferroelectric capacitor, such as 

• 464, smaller in area than the insulator capacitor,. such ,465,;to create a larger voltage 
drop across the ferroelectric capacitor can be used in any of the embodiments of the 
5, invention disclosed herein. : ; , , .. ,-, - - 

- FIG. 16 shows a MFMIS.FET.55p that includes a polysilicon layer 572 between 
electrode 557 and insulating layer-573., This FET is again formed on a semiconductor 
551, and includes- source/drains 552?-and 553, channel 554, barrier layer 561, 
ferroelectric -558, and electrode ;559..,< Barrier layer 561 may be conducting, but 

10. preferably is an insulatorv y_Again, this embodiment is shown with linear, or MIS, 
capacitor 565 formed by pojysilicon layer 572, insulator 573, and channel 554, having 
a larger area, than the ferroelectric, or MFIM, capacitor 564. In this embodiment, the 
electrode>557 is shown having the area of ferroelectric capacitor 564, although it also 

could have the area of. insulator capacitor 565. i 

15 In any of the above embodiments, one insulating barrier layer, such as 310, 

250, 461 , and 561 may be a compound selected from a group consisting of Si 3 N 4 , Ir0 2 , 
- ZrO z , Ce0 2 , and Y 2 0 3 . However, it may also be one of the materials according to the 
invention. This barrier layer preferably has a thickness .of from 2 nm to 20 nm, and 
most preferably, about 4 nm. In all eases where the substrate, such as 81 , 302, 41 , 
20 351, 451, . and 551, is made of. silicon, there, may also be a thin layer of silicon oxide 
formed between the silicon substrate.and the first of the FET insulator layers, such as 
.barrier- layer 250. This ,Si0 2 iinsulating. layer .preferably has a. thickness of 4 
nanometers (nm) to 29 nm,;/ Each of these embodiments* also, contain at least one 
insulator layer, such as 92, 31 1 , 252, 356, 460, and 573, is preferably one of the non- 
25 ferroelectric, high dielectric constant materials according to the invention. This 
insulator is preferably 4 nanometers (nm) to 50 nm thick. For gate insulators and 
buffer layers, the preferred material is a tungsten-bronze-type oxide. Preferably, it is 
a tungsten-bronze having the formula AB 2 0 6 , where A represents a material selected 
from the group consisting of strontium, barium, calcium, magnesium, and lead, and 
30 B represents a material selected from the group consisting of tantalum, niobium, and 
tungsten. It may be a solid solution of two or more of oxides having the formula 
AB 2 O e . The most preferred material has the formula S^TayNb^Og, where 0sy<; 1 . 
It should be understood that the invention contemplates that any and all of the 
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features of the -various embodiments'- of ^capacitors/' transistors, -DRAWS, and 
ferroelectric .FETs disclosed above can be combined with each other! ' That is, the 
embodiments shown are-exemplary and have been chbsento illustrate the respective 
features, and are not intended to be limitirig -to the-particular combinations shown. 

FIG. 17 shows a flow chart of a generalized process 600 s according to the 
invention for forming a DRAM memory G^^W-'(Fl& ! 1 2) of an integrated circuit. A 
feature of the method of the invention is theuse of metal ! 6'rganie deposition ("MOD") 
precursors and deposition techniques ; for forming-buffer arid diffusion barrier layers 
and other high dielectric constan'Mnsurator-thlhTilms'according to the invention. 
Individual MOD precursors are formed^ by interacting each of the metals of a desired 
compound, for example, cerium- for the barrier layer compound, and ! strontium and 
tantalum for the high dielectric compound;* or an alkoxide of the 5 "metal, with a 
carboxylic acid, or with a carboxylic acid iaTid'an alcohol, and dissolving the reaction 
product in a solvent. The cartDoxyiiG^ciefsv alG6hdls, : arid solvents that may be used 
were listed above. The metal, metal alkoxide, acid, and alcohol react to form a mixture 
of metal-alkoxocarooxyiate. metal-caFbokyiate and/or metal-aikoxide, which mixture 
is heated and stirred as necessaiy tb ^drmirhetal-oxygen-metal bonds-arid boil off any 
low-boiling point organics that are produced by the reaction. Initial MOD_precursors- 
are usually made or bought in batches^prior to 'their use; the final precursor mixtures 
are usually prepared- immediately - before 'application to - the substrate. Final 
preparation steps typically include mixing,*sblverit ^exchange, arid dilution.' When using 
a liquid deposition technique - forexam^ is a 

preferred precursorrcompound because theiethbxyhexandates are stable in solution, 
have a long shelf life, form- smooth; liquid '-•■films* and -decompose smoothly on a 
substrate. . - : '-:>"- , ..rx .. -r..r^ -!:':-■ 

In step 610, a semiconductor, wafer comprising 1 a- silicon semiconductor 
substrate 302 is cleaned to remove contamihantSi preferably by dipping the wafer into 
H 2 S0 4 for 30 minutes. Then the wafer is dipped into 1 0: 1 BOE for five minutes, which 
removes any natural oxide that may have formed on the wafer. A field oxide 304 is 
grown in a furnace, preferably to a thickness of 500 nrri. Source/drain regions 306 and 
308 and channel region 309 are then formed by a conventional doping method. This 
includes the usual photo resist, etching and strip steps for removal of the field oxide 
followed preferably by a phosphorous diffusion step. Preferably, the doping of channel 



-34- 



WO 00/77832 



rpeT/USOO/15956 



, . .,,region 309 is in the range ; of 2 X-J.O^.to 10 17 atoms/cm 3 j and, most preferably in the 
range of 10 16 to 10 17 atoms/cm 3 , which provides -a resistance of about 1 ohm to 5 
. ohms. Preferably, the doping of source/drain regions 306, 308 is in the range of 10 19 
to 1 0 20 atoms/cm 3 .. . . 
. 5. When, nonconductive ^diffusion i barrier layer 310 comprises Si 3 N 4 , it may be 

formed using conventional CVD techniques by reacting silane with ammonia in an 
argon plasma, or by reacting silane in a nitrogen, discharge. Preferably, diffusion 
barrier layer 310 comprises a compound selected from a group including lrO s , ZrO a , 
Ce0 2 , and. Y 2 0 ? . Preferably, diffusion .barrier layer 310 : is formed using a MOD 

10 technique in which a metal organic precursor is deposited by LSMCD and treated to 
form the. desired metal oxide compound. A misted deposition method is preferred 
because the composition and deposition rate of the liquid precursor is more easily 
controlled than in alternative methods,, thereby enabling formation of a very thin, 
uniform film, of the barrier layer compound. A misted deposition process is described 

15 in United States Patent No. 5,456,9.45, issued October 10, 1995, to McMillan et al. 
Other methods of applying a liquid to a substrate, such asa spin-on method, may also 
be used. . . . . . . , - - : . 

'n the preferred embodiment of step 612,. a . 0,2 : molar precursor solution . of- 
cerium 2-ethoxyhexanoate in xylenes solvent is diluted just before use to 0.1 molar 

20 .concentration. In step 614, a liquid coating of. the precursor is formed on the substrate 
by placing the substrate in a misted deposition reactor, forming a mist of the liquid 
precursor, and flowing the mist into the deposition reactor, where the mist deposits on 
the substrate. In step 61 6; the substrate and the liquid coating are treated to form a 
solid coating. Treating may comprise a process selected from the group including: 

25 exposing to vacuum, exposing to ultraviolet radiation, drying, heating, baking, rapid 
thermal processing, and annealing. Treatment jn step 616 typically includes drying, 
rapid thermal processing ("RTP"), and annealing. Drying is typically performed for one 
minute at 160°C, then at 260°C for four minutes. If used, the RTP is typically done 
at 725°C for 30 seconds, with a 100°C/sec. ramping rate. A furnace anneal, 

30. preferably in. an oxygen atmosphere, crystallizes the metal oxide compound. 
Annealing is conducted for 60 minutes at 800°C in oxygen flowing at 5 l/m, with 10 
minutes "push" and 10 minutes "pull". Nonconductive diffusion barrier layer 31 0 has 
a thickness of about 5 nm. 
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In step 618, a final precursor for gate insulator 3 i T is prepared. As described 
above, initial precursors prefefably-comprise metal 2^ethoxyhexahoates in xylenes or 
n-octane solvent, r -As ah example, strontium ^2-ethoxyhexanbate and tantalum 2- 
ethoxyhexanoate are mixed in n-octane solvent in relative molar proportions 
5 corresponding to the- stoiehibmetnc~f6rmiila ! $rTai0 6 V '• A 0.2 molar solution of the 
mixture is diluted with n-butyl acetate to tt : 1'ihlbfar concentration. 

In step 620, the substrate comprising -the 'diffusion barrier layer 310 is placed 
in a liquid deposition reactor,' and 'a^hlst fe rna-def rbm the final precursor for the gate 
insulator, and the mist is flowed into ; -fn"e-d^posiiibn'rSactor,"-where-it forms a liquid 
10 coating of the precursor oh the'diffusiori^barrier layer". 

In step 622, the substrate with 'the liquid coating is treated to form thin film gate 
insulator 311, which may be any of the ' mate'rials'' ! bf ! the i -inveh"tibn. Treating may 
comprise a process selected from the group including: exposing to vacuum, exposing 
to ultraviolet' "radiation; •dryingr heating, : ''baking;' rapid • therrriar processing, and 
15 annealing. In the- preferred embodimeht;' the" precursor is treated by drying and 
oxygen annealing. Orying is dohe at a temperature of between i'00°C and 350°C for 
a time of between 30 seconds and 1 0 minutes, preferably on a hot plate. Preferably, 

the drying is done ih'a : pTurality3f ; dryfng ^ stepsf eaieh-Ohe at a higher_temperature-than 

- the previous one, "- ? In the 'samples '-toelbw;' the dryihg was dbne in two steps, one at 
20 160°C for ^one'miniyte'ahd ahotiietat^eO 0 ^) forf bur minutes/ If used; baking may 
include a RTP 'bake or a ftirnace bake, though in the preferred Embodiment -it is a hot 
plate bake. If aRTP bake is utilized,- it uses a"halbgen light source to raise the wafer 
rapidly to a high temperature in the range of from 500° C to 850 °C for a bake time of 
between 15>secohds and 3 minute's: Ahneallhg- is ; "done -at 'a temperature of from 
25 500°C to 850 °C from 30' minutes' to' three" hours. In the examples above, the 
annealing was done at 800°C for 30 minutes: Gate insulator 31 1 has a thickness of 
about 15 nm. ' ■• - 1 ! " ; •-' '•" 

In step 624, gate electrode 312 is deposited using conventional techniques, 
typically a sputtering technique. Typically, diffusion barrier 31 0, gate insulator 31 1 and 
30 gate electrode 312 are patterned and etched in a single sequence' of conventional 
techniques in step 626. Then, in steps 628, 630 and 632, respectively, ILD 316, vias 
317, 318 and tungsten plugs 319, 320 are formed using conventional techniques. 

Next, diffusion barrier layer 321 is formed. It may be formed using conventional 
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, sputtering tecbraques.: For. example, if .diffusion barrier, layer 321 comprises Ti 3 N 4 or 
another nitride, then a, thin film may be deposited by -sputtering a nitride target or a 
metal target in a . nitrogen atmosphere.. In the preferred, method, however/ a 
conductive oxide is formed using.MOQ precursors. . Since a very thin film thickness is 
desired, preferably, in .the range oM nm to 20 nm, iris preferable to form diffusion 
barrier layer 321 comprising Ir0 2 using a:MDD precursor and a LSMCD technique. 
In step 634, a precursor comprising^ 0.1. molar solution of iridium 2-ethoxyhexanoate 
is prepared. In step. 636, it is misted and flowed into. a misted deposition reactor, 
where it forms a . liquid coating on the substrate. In 638, the liquid coating is treated, 
as described above in reference to diffusion barrier layer 310 in step 616, to form 
diffusion barrier layer 321 comprising a thin film of lrO z having a thickness of 5 nm. 
In step 640, platinum bottom electrode 322 having a thickness of 200 nm is sputter- 
deposited using conventional, techniques. 

_ .In step 642, a precursor for capacitor insulator.324Js prepared, as in step 61 8 

above. In step 644, a mist of the precursor is deposited to form a liquid coating on the 
platinum bottom electrode layer. In step 646, the liquid coating is treated as in step 
622 to form the capacitor insulator layer, which may be any of the materials according 
to the inve ntion, Jor_example-a-thin film of SrTa 2 0 6 having a thickness of 80 nm... In- 
step 648, platinum top electrode layer 326 is formed using conventional techniques. 
Layers 321 , 322, 324 and 326 are preferably patterned and etched together in step 
650 to form a stacked structure of memory capacitor 328. Thereafter, in step 652, 
memory cell 300 is completed using conventional techniques to form ILD 336, local 
interconnects 338, 339, and passivation layer 342. 

There has been described novel integrated circuit electronic devices utilizing 
metal oxide dielectric materials in which the various electronic properties can be 
maximized for a specific application by adjusting the relative proportions of constituent 
elements. In particular, the invention relates to metal oxides made from precursors 
for forming (Ba x Sr 1 . x )(Ta y Nb 1 . y ) 2 0 6 , where Osxsl.O and Osysl.O; (Ba^ J^TayNb,. 
y ) 2 O r , where Osx* 1 .0 and Osys 1 .0; and (Ba x Sr 1 . x ) 2 Bi 2 (Ta y Nb 1 . y ) 2 O 10 , where Osx* 1 .0 and 
Osy^LO. The uses of the inventive materials include gate dielectric transistors, a 
capacitor dielectric in DRAMs and MMICs, buffer layers, diffusion barriers, and ILD 
layers. In some instances, the material may be ferroelectric and would, therefore, be 
used in FERAMs. It should be understood that the particular embodiments shown in 
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the drawings andbescribed within this speemcatibn"are fo'rpurpbse's bf example and 
should not be construed to limit-the invention which wilhb'e described in the claims 
below. Further, it is- evident that those skilled in the art may now make numerous uses 
and modifications of the specific embodiments described, without departing from the 
inventive concepts. For example', how thafrtlib advantageous use of the inventive 
metal oxide materials in. integrated circuits has been disclosed, the materials can be 
advantageously used as insulators in Itttegrated bircuit applications other than those 
described. Other processes may be used I fb^brm the'metal -oxide devices than the 
exemplary processes described above. - : 1t : is' dea> : -frbm the above that various 
formulations may be used. Further, the precursbrsfpfbcesses and structures can be 
combined with conventional processes to provide variations on the processes and 
devices. described. It is also evident that the process steps recited • may 1 / in some 
instances, be performed in a different order, or equivalent structures and processes 
may be substituted fof the various structures and processes described. - - j 
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................. . CLAIMS : T .. , , 

We claim: 

... - 1 : An integrated circuit, pomprising a.non-ferroelectric, high dielectric constant 

insulator, said insulator. including a thin film of a metal oxide selected from the group 
5 _. consisting of tungsten-bronze-type oxides, pyrochlore-type oxides, and combinations 
of an interlayer oxide with an oxide selected from the group consisting of perovskites 

and pyrochlore-type oxides 

2. An integrated circuit as in claim 1 wherein said interlayer oxide comprises 
a metal selected from the group consisting of Bi, Sc, Y, La, Sb, Cr and Tl. 
10 . . 3 - An integrated circuit as in claim 2 wherein said interlayer oxide is Bi 2 0 3 . 

4. An integrated.circuit as in claim 1 wherein said. metal oxide, is a tungsten- 
bronze-type oxide having a formula AB 2 0 6 , wherein A represents A-site atoms 
selected from the group of-metals consisting of Ba, Bi, Sr, Pb. Ca, K, Na and La; and 
B represents B-site atoms selected from the group of metals consisting of Ti, Zr, Ta, 

15 Hf, Mo, W and Nb. .. ... ... 

5. An integrated circuit as in claim 4 wherein said tungsten-bronze-type oxide 
has a formula (Ba.Sr^.JO'ayNb^y^Oe, wherein Osxs 1.0 and Osy^ l .0. 

_-_ _ : 6 - AnJntegratedjjircuit.asjn_claim^jwherein_saidJungsten=brpnze-type oxide - 

has a stoichiometric formula (BaxSr^TagQe, wherein Osx* 1 .0. 

20 . . 7 - An integrated circuit as in claim.6- wherein x has a value of about 0.8. 

8. An integrated circuit as in claim 1, wherein said metal oxide is a pyrochlore- 
type oxide having a formula A 2 B 2 0 7 , wherein A represents A-site atoms selected from 
the group of metals consisting of Ba, Bi, Sr, Pb, Ca, K, Na and La; and B represents 
B-site atoms selected from the group of metals consisting of Ti, Zr, Ta, Hf, Mo, W and 

25 Nb. _ . . ..... . ... 

9. An integrated.circuit as in claim 8 wherein said pyrochlore-type oxide has a 
formula (Ba^J^Ts^Nb^zOr, wherein Osxsl .0 and 0^y^ 1 .0. 

1 0. An integrated, circuit as in claim 8 wherein said pyrochlore-type oxide has 
a formula (Ba^r^Ta^, wherein O^xs 1 .0. 

3°. 1 1 . An integrated circuit as in claim .1 0 wherein OsxsO.6. 

12. An integrated circuit as in claim 1 wherein, said metal oxide is a 
combination of Bi 2 0 3 with a pyrochlore-type oxide having a formula A 2 B 2 0 7 , wherein 
A represents A-site atoms selected from the group of metals consisting of Ba, Bi, Sr, 
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Pb, Ca, K, Na and La; and B represents B-site atoms selected from the group of 
metals consisting of Ti, Zr, Ta, Hf, Mo, W and Nb. 

1 3. An integrated circuit as in claim 12 wherein said pyrochlore-type oxide has 
a formula (BaxSr^.J^TayNb^^Oy/wherein O^x^ 1.0 arid Osys 1.0. ' 
5 14. An integrated circuit as in claim 12 wherein said pyrochlore-type oxide has 

a formula (BaxS^^TajOy/wheretn OWxk l lb: 

15. An integrated circuit as in claim 1 wherein said thih film has a thickness 
ranging from 1 nrri to 500 nm. • - - : • 

1 6. An integrated circuit as in claim T, further comprising a first electrode and 
10 a second electrode, said thin film located between said first arid second electrodes. 

17. An integrated circuit as' in claim 1 wherein said th'rh film is part of a memory 
cell. '■ ^ - • • • ■ - 

1 8. An integrated circuit as in claim 1 wherein said thin film is part of a bypass" 
capacitor. • — - -• ' - • • "' " ' " 

15 19. An integrated circuit as in claim 1 wherein said thin film is part of a 

transistor.- '"' • : •' ' ; 

20. An integrated circuit as^ih claim 19 wherein said thin film comprises a gate 
-'- insulators ' r-. :>■■•; w i .-<:..=■:>;.■■ ; ^ •:. • - - 

21 . An integTated circuff as?in claim 20 whereto baid transistor is a ferroelectric 
20 FET including a substrate ; arid a ferroerectric iayer arid said gate insulator is located 

between said ferroelectric layeV'and said substrate. : ; 

22. Ah integrated circuit al 

23. An integfafed circuit as in claim t w^ 

interlayer dielectric! 1 - ' - - ; * : • ;V -'~' • '"' ■ ■ - - ■ 

25 24. An integrated circuit as in claim 1 wherein said thin film is a virtual stacked 

structure comprising a layer of said interlayer oxide" aikrh^ting with a layer selected 
from the group consisting of perovskite layers arid pyrbcfilore-type oxide layers. 

25. An integrated circuit as in claim 24 wherein said interlayer oxide comprises 
Bi 2 0 3 . " " ; 

30 26. An integrated circuit comprising a high dielectric constant insulator, said 

insulator including a thin film of a metal oxide, said thin film being an actual stacked 
structure comprising an interlayer oxide layer having an interface with a non- 
ferroelectric, metal oxide layer selected from the group consisting of perovskite layers, 
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tungsten-bronze-type oxide layers, and pyrochlore-type oxide. layers. 

.27. An integrated circuit as in claim 26 wherein said interlayer oxide comprises 
a metal selected from the group consisting of Bi, Sc, Y, La, Sb, Cr and Tl. 

28. An integrated circuit as. in claim. 26 wherein said interlayer oxide layer 
5 comprises Bi 2 0 3 . 

29. An I integrated circuit : having a.. metal oxide. thin film comprising an actual 
stacked structure including an interlayer oxide layer alternating with a metal oxide layer 
selected from the group consisting of perovskite layers and pyrochlore-type oxide 
layers, said thin film including at least three interfaces between said interlayer oxide 

10 and said metal oxide. 

30. An integrated circuit as in clajm 29 wherein said interlayer oxide comprises 
a metal selected from the group consisting of Bi, Sc, Y, La, Sb, Cr and Tl. 

31. An integrated circuit as in claim 29 wherein said interlayer oxide layer 
comprises Bi 2 0 3 .- • . _._ . - - 

15 32. An integrated circuit as in claini 29 wherein said metal oxide is non- 

ferroelectric. 

33. An integrated circuit as in claim 29 wherein said metal oxide is ferroelectric. 

34 • An integrated circuit comprising.a non-.ferroelectric,high dielectric constant 
insulator thin film, said thin film, being an actual, stacked .structure comprising an 
20 interlayer oxide layer alternating. with a metal oxide , layer. selected from the group 
consisting of perovskite layers, tungsten-bronze-type oxide layers, and pyrochlore-type 
oxide layers. 

35. An integrated circuit as in claim 34 wherein said interlayer oxide comprises 
a metal selected from the group consisting of Bi, Sc, Y, La, Sb, Cr and Tl. 
25 36 - A n integrated circuit as in claim 35 wherein said interlayer oxide layer 

comprises Bi 2 0 3 . 

37. An integrated circujt comprising a thin film. of a metal oxide, said thin film 
being a virtual stacked structure comprising an interlayer oxide layer alternating with 
a metal oxide layer selected from the group consisting of tungsten-bronze-type oxide 

30 layers and pyrochlore-type oxide layers. 

38. An integrated circuit as in claim 37 wherein said interlayer oxide comprises 
a metal selected from the group consisting of Bi, Sc, Y, La, Sb, Cr and Tl. 

39. An integrated circuit as in claim 38 wherein said interlayer oxide layer 
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comprises Bi 2 0 3 : ■ ' 

40. An integrated circuit' as iri"clainV37 wherein said metal oxide is non- 
ferroelectric. 

41 . An integrated circuit as in claim 37 wherein said metai oxide is ferroelectric. 
5 42. An integrated circuit including a non-ferroelectric, high dielectric constant 

insulator thin film comprising a metal "oxide i selected from the group consisting of 
AB 2 0 6 , A 2 B 2 0 7 and A 2 Bi 2 B 2 O 10 , wherein A' represents "A-site atoms 'selected from the 
group of metals consisting of Ba, Bi, Sri Pb; Ca^K Na and La; and B represents B-site 
atoms selected from the' group of metals' consisting of ft, 2s, Ta, Hf, Mo, W and Nb. 

10 43. An integrated circuit as in claim 42 wherein said metal oxide is (B^Sr,. 

x )(Ta y Nb 1 . y ) 2 0 6 , wherein 0^x^1.0 and !V ' 

44. An integrated circuit asln'claTm 42 wherein said metal oxide is (Ba^Sr,. 
JTa 2 0 6 , where'iri Okxki.0:: — - = * " T~ \~ 

: 457 An integrated circuit as in claim 44 wherein x has a value of about 0.8. 

15 46. An integrated circuit as tri claim 42 wherein said metal oxide is (BaxS'r,.. 

J 2 (Ta y Nb 1 . y ) 2 0 7 , wherein 0^x^1.0 and 0^y^ 1.0. 

47. An integrated circuit asTri claim '42 wherein said rrietal oxide is (Ba x Sr vx ) 2 
Ta 2 0 7 , wherein 0sXs1.6. n ' ' 

48. An' integrated circuit is in claiirn 47 wherein 6<x<6.6. 

20 49. An i'rit6gr : ate'dfeifiSu'lt'as'jri c1aW v 42'wherelh'sai^' metai' oxide is^Ba^r,. 

JgBiaCTayNb^yJjO^; whe 

50. An integrated circuit as in claim 42 wherein said metal oxide is (Ba^r^ 
x ) 2 Bi 2 Ta 2 O 10 , wherein 6kx<; ! 1 .6. ' " """" ~" 

; 51 . An integrated circuit ashri claim 50 j wherein 0^x^0.6. 
25 52. An integrated circuit as in claim 50 wherein 0.4^x^6.5. 

53. An integrated circuit as in claim 42 wherein said metal oxide has a voltage 
coefficient of capacitance, Vcc, not exceeding ±1 % over ah applied voltage range of 
from zero volts to ±5 volts. 

54. An integrated Circuit as in claim 42 wherein said metai oxide has a 
30 temperature coefficient of capacitance, Tec, not exceeding 1000 ppm through the 

temperature range of 20°C to 140°C. 

55. An integrated circuit as in claim 42 wherein said metal oxide has a 
temperature coefficient of capacitance, Tec, not exceeding 1 00 ppm through the 
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temperature range of 20°C to 140°C. 

56. An integrated circuit including a.non-ferroeleetric,. high dielectric constant 
insulator thin film comprising a metal oxide having the formula AB 2 O s wherein A 
represents A-site atoms selected from the group of metals consisting of Ba, Bi, Sr, Pb, 

• Ca, K-, Na and La; and B represents.B-site atoms-selected from the group of metals 
consisting of Ti, Zr, Ta, Hf, Mo,. W and Nb. . 

57. An integrated circuit comprising a non-ferroelectric high dielectric constant 
thin film material having a, formula AB 2 0 6 , wherein A represents at least one of 
strontium and barium, and B represents at least one of tantalum and niobium. 

58. An integrated, circuit : as in claim 57 wherein said thin film material 
comprises a solid solution comprising, a plurality of metal oxides, each of said metal 
oxides having a formula AB 2 0 6 , wherein A represents at least one of strontium and 
barium, and B represents at, least one. of tantalum and niobium. -- - 

59. An integrated circuit as in claim 58 wherein said plurality of metal oxides 
is represented by a formula (S^Ba, ^(TayNb^Japi-, where Osx^l and 0<zy<. 1 . 

60. An integrated circuit as in claim 57 wherein said thin film material has a 
relative dielectric constant that does not vary more than ±10;percent over an applied 
voltage range of from zero .volts toA3_volts.-^^^^. - 

61. An integrated circuit as. in claim 57 wherein said thin film material has a 
relative dielectric constant that , does not vary more than ±15 percent over a 
temperature range of from 0°C to. 50°C.,; : • .•: .. ; -. ■ 

.62. An integrated circuit as in claim 57 wherein said thin film material has a 
relative dielectric constant that does not vary more than ±1 0 percent over a frequency 
range of from 1 0 2 Hz to 1 0 6 Hz. 

63. An integrated circuit as in claim 57 wherein said thin film has a thickness 
ranging from 1 nm to 500 nm. 

64. An integrated circuit as in claim 63, further comprising a first electrode and 
a second electrode, said thin, film located between said first. and second electrodes. 

65. An integrated circuit as in claim 57 wherein said thin film is part of a 
memory cell. . - -• 

66. An integrated circuit as in claim 57 wherein said thin film is part of a bypass 
capacitor. 

67. An integrated circuit as in claim 57 wherein said thin film is part of a 
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transistor. ^ 

68. An integrated circuit as in claim'67 wherein said material comprises a gate 
insulator. . --■ ' 

69. An integratedcircuit as.in claim 68 wherein said transistor is a ferroelectric 
5 FET including a substrate and a ferroeleGtric-layer- and saicf gate insulator is located 

between said ferroelectric layer and said r subsf rate: 

70. An integrated circuit as in claim 57 wherein said.thin film is part of a MMIC. 

71. An integrated circuit as Mri claim 57 wherein said thin film comprises an 
interlayer dielectric. o.-i <> s^e^v-v: ! 

10 72. An integrated circuit comprising anon-ferroelectric high dielectric constant 

thin film material having a formula, SrB^Ogi' "wherein B represents" at least one of 
tantalum. and niobium. . - ■ •'- M 

73. An: integrated circuit as in claim 72 wherein said thin film material 
comprises-a solid solution comprising* a plurality bf metal oxides, each of saidmetal 

15 oxides having a formula SrB 2 0 6 , wherein B represents at least one of tantalum and 
niobium... - ■ ' • - '■■ — 

74. An integrated circuit as in claim' 72 wherein said plurality of metal oxides 
is represented-by.aJormula-S^TaxNbV:^©^. where 0sx^1 . ■ 

75. An integrated circuit as in claim 72 Wherein said thin film material has a 
20 relative dielectric constant that does ndt Vary more than ±1 0 percent over an applied 

voltage range of from zero volts to ±3 volts. 

76. An integrated circuit as in claim 72 wherein said thin film material has a 
relative dielectric constant that does not vary more than ±15 percent over a 
temperature range of from 0°C to 50°C. • < * •-* 

25 77. An integrated circuit as in claim : 72 wherein said thin film material has a 

relative dielectric constant that does not vary more than ±1 0 percent over a frequency 
range of from 1 0 ? Hz to 1 0 6 Hz. 

78. An integrated circuit as in claim 72 wherein said thin film has a thickness 
ranging from 1 nm to 500 nm. 
30 79. An integrated circuit as in claim 72, further comprising a first electrode and 

a second electrode, said thin film located between said first and second electrodes. 

80. An integrated circuit as in claim 72 wherein said thin film is part of a 
memory cell. 
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81 . An integrated circuit as in claim 72 wherein said thin film is part of a bypass 
.capacitor, ...... . c ..~. . • ~ . . 

82. An integrated circuit as in claim 72 ; wherein .said thin film is part of a 
transistor , . 

.83. An integrated. circuit as in claim 82 wherein said material comprises a gate 
insulator. 

84. An integrated circuit as in claim 83 wherein said transistor is a ferroelectric 
FET including a substrate and. a ferroelectric layer and said gate insulator is located 
between said fe.rroe|ectric-layer and. said- substrate. 

85. An integrated circuit as in claim 72 wherein said thin film is part of a MMIC. 
86... A charge storage device comprising a non-ferroelectric, high dielectric 

constant thin film material having a formula AB 2 0 6 , wherein A represents at least one 
of strontium and barium, and B represents at least one of tantalum and niobium. 

- 87. A charge storage device as in claim 86 wherein said thin film material 
comprises a solid solution comprising a plurality of metal oxides, each of said metal 
oxides having a formula AB 2 0 6 , wherein A represents, at .least one r of strontium and 
barium, and B represents at least one of tantalum and niobium. 

88. A charge storage device as in claim 86 wherein said, plurality of metal 
oxides is represented by. a. formula (S^Ba, JfTayNb^Oe, where 0<;x<;1 and O^ysl. 

89. A charge storage device as. in, claim 86 wherein said thin- film has a 
thickness ranging from 1 nm to 500 nm. .. . . 

. 90. A transistor. comprising a. non-ferroelectric high dielectric constant thin film 
material comprising a tungsten-brqnze-type oxide. ,. . ; ; , 

91. A transistor as in claim 90 wherein said tungsten-bronze-type oxide is 
represented by the fprmula,AB 2 0 6 , where A represents a material selected from the 
group consisting of strontium, barium, calcium, magnesium, and lead, and B 
represents a material selected from the group consisting of tantalum, niobium, and 
tungsten.. 

92. A transistor as in claim 91 wherein said tungsten -bronze-type oxide is a 
solid solution of two or more of said oxides having the formula AB 2 O e . 

93. A transistor as in claim. 91 wherein said tungsten-bronze-type oxide has a 
formula (Sr.Ba^JCTayNb^^Oe, where 0^xs1 and 0^y^1 . 

94. A transistor as in claim 91 wherein said tungsten-bronze-type oxide has a 
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formula Sr(Ta y Nb 1 . y )^0 6 , where Osysh/ ' ! ; ' " : "-- : ''' ' : " * : 

95. A transistor as in claim 91 wherein said tungsten-bronze-type oxide 
comprises strontium fantalate. "~ ' 

96. A transistor as in claim 91 wherein said tungsten-bronze-type oxide has the 
formula SrB 2 O e , wherein B is selected from the group 'comprising tantalum, niobium, 
and tungsten. 

97. A transistor as in claim 90 wherein ''said material comprises a gate insulator. 

98. A transistor as in clairn 97 'Wherein "said 'transistor is a ferroelectric FET 
including a substrate and a ferfdelectric 'layer 1 arid said gate insulator is located 
between said ferroelectriciayer and r said Substrate.-' ^ 

99. A transistor as in clairri 98 wherein said transistor further includes a floating 
gate and said gate insulator is located between said floating gate and said substrate. 

100. A transistor as rih ciairh 98 Wherein' said transistor further incl Odes a 
floating gate and said gate insulator is located between said ferroelectric layer and- 
said floating gate. •'• - • ''• 1 ,V]K '-'' ~- : ' " " " 

•101". A transistor as in claim 97%NeVein-said transistor includes a substrate and 
a floating gate and said gate insulator is located between said floating gate and said 
substrate.- '- ' - :v; ~ ■ - '' - ••'''•' — - — — •' 

102. A transistor as ; in claim #7 J WBerein said transistor includes a ferroelectric 
layer and a floating' gate and'siid gate insulator is located between said ferroelectric 
layer and said floating gate. * - ! : > ■ '' 

1 03. A transistor as in ciairrr97 wherein said transistor includes a polysilicon 
layer and a substrate and said gate'insulatorls locatedbetween said floating gate and 
said substrate. '•• • ■ • ■■>• ^ " 

104. A transistor as'ih ciairh 97 wherein s'aid transistor includes a polysilicon 
layer and a ferroelectric layer and said polysilicon" layer is located between said 
ferroelectric layer and said floating gate. •. r - 

1 05. A transistor as in claim 97 wherein said transistor includes a ferroelectric 
layer, a ferroelectric capacitor portion containing said ferroelectric layer, and a linear 
capacitor portion containing said gate insulator, and wherein the capacitive area 6f 
said linear capacitor portion is larger than the capacitive area of said ferroelectric 
capacitor portion. 

106. A transistor as in claim 105 wherein the capacitive area of said linear 
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capacitor portion is. .from-, .2, .to -1.0, times -larger than the capacitive area of said 
ferroelectric capacitor portion. 

.. 107. A ferroelectric integrated circuit memory cell comprising a ferroelectric 
layer; an insulating layer; a ferroelectric capacitor portion including said ferroelectric 
. 5 layer; and a linear capacitor portion including said insulating layer; wherein said linear 
capacitor portion has a larger, capacitive area than the capacitive area of said 
ferroelectric capacitor portion. .- 

.108. A transistor, as. in, claim 107 wherein the capacitive area of said linear 
capacitor portion is : from 2 to ;i .10 ; times larger than the capacitive area of said 
10 ferroelectric capacitor, portion. ~ 

1 09. An integrated circuit including a plurality of material layers, said integrated 
circuit comprising: ... ., 

. . a ferroelectric thin film; and -jr , . - • -.- — 

a non-ferroelectric buffer layer between said ferroelectric thin film and another - 
15 of said plurality of material layers. . ; ; . <. ■- 

110. An integrated circuit, as in claim 1 09 wherein said tungsten-bronze-type 
oxide is represented, by the formula AB 2 0 6 , where A represents a material selected 
from the group consisting of strontjumi barium.-calciumi-magnesium, and lead.-and 
B,represents a material selected.from the group consisting pf. tantalum, niobium, and 

20 tungsten. ,,- , •-. . - : . - , - • • . . , 

111. An integrated circuit as in claim 1 10 wherein said tungsten-bronze-type 
oxide is a solid solution of two or more of said oxides haying, the formula AB 2 O e . 

1 12. An integrated circuit as in claim; 1 1 0 wherein said .tungsten-bronze-type 
oxide has a formula (Sr x Ba 1 . x )(Ta y Nb w ) 2 0 B>r wh©re Osxs 1 and 0^y<1 . 

25 .113. , An integrated circuit as in claim 110 wherein said tungsten-bronze-type 

oxide has a formula SrdayNb^^Oe, where 0^y^1. 

114. An integrated circuit as in claim 1 10 wherein said tungsten-bronze-type 
oxide comprises strontium tantalate. 

1 1 5. An integrated circuit as in claim 110 wherein said tungsten-bronze-type 
30 oxide has the formula SrB 2 O e , wherein B is selected from, the group comprising 

tantalum, niobium, and tungsten. 

116. An integrated circuit as in claim 109 wherein one of said material layers 
comprises an integrated circuit substrate and said buffer layer is located between said 
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ferroelectric thin film and said integrated circuit substrate. - ' ' • ' 

117. An integrated circuit as in claim 109 wherein one of said material layers 
comprises a conducting layer, and said buffer layer is located between said 
ferroelectric layer artd said conducting Mayer-:- : " 
5 118. An integrated circuit ■ comprising- a semiconductor substrate; a high 

dielectric constant insulator, and a diffusion barrier layer; said diffusion barrier layer 
being a different material than said high dielectric constant' insulator, said high 
dielectric constant insulator comprising 'a metal ^oxide, said metal oxide having a 
stoichiometric formula AB 2 O e , wherein A -represents at least one of- strontium, barium, 
10 calcium, lead and magnesium, and B represents at 1 least one of tantalum, niobium, 
and tungsten; - : > "'• •. : ; :: ■■ v ' • 

119. An integrated circuit as in claim 118 wherein said' metal oxide is 

represented by a stoichiometric formula (Sr 1 ;a b Ba a Mg b )(Ta y Nb 1 . y ) 2 0 6 , where Oiea^l, 

0<bs1, 0<(a+b)s1and Osyslv --^—^-rv--^— i^«.k^_ !_■_-_<-.'-:_..._. _ 

15 120. An integrated circuit as in claim 1 1 9 wherein said metal oxide comprises 

strontium tantalate having a formula SrTa 2 0 6 . 

121. Ah integrated circuit as iri claim 1 18 wherein said high dielectric constant 
insulator compfises-a solid solution comprising a plurality of metal oxides, each of said 
metal oxides haviiigia stoictiidmetric J formula ABaOsVwhereiH A represents at least one 

20 of strontium, barium, calcium, lead and magnesium, and B represents at least one of 
tantalum and niobium:':' ■■?">'■•'-' t ; ;'i h.s- v. . ;. .-. 

122. - An integrated circuit as-in : claim'1i 8' wherein said metal oxide has a 
relative dielectric constant that does hot vary more than +10% over an applied voltage 
range of from zero volts to ±3 volts. • • ' : ' 

25 123. An integrated circuit as in claim 118 wherein said metal oxide has a 

relative dielectric constant that. does not vary more than ±15% over a temperature 
range of from 0°C to 50 °C. 

124. An integrated circuit as in claim 118 wherein said metal oxide has a 
relative dielectric constant that does not vary more than ±1 0% over a frequency range 

30 of from 10 2 Hz to 10 6 Hz. 

125. An integrated circuit as in claim 1 18 wherein said high dielectric constant 
insulator comprises a thin film of said metal oxide, wherein said thin film has a 
thickness ranging from 1 nm to 500 nm. 

-48- 

BNSOOCID: <WO 0077832A2 J _> 



. WQ^OO/77832 



r-PCT/USOO/15956 



• : : 1 26. An integrated circuit as inclaim 125 vyherein.said.thin film has a thickness 
; ranging from 1 nm.tp 50 nm. 

1 27. An integrated circuit as in claim 1 26 wherein said thin.film has a.thickness 
ranging from 1 nm to 10 nm. . . . , 

5 1 28. An integrated circuit as in claim 1 27 wherein said thin film, has a thickness 

. -ranging from .1 nm to 5 nm. ....... 

1 29. An integrated circuit as in claim 1 1 8 wherein said high dielectric constant 
insulator is part of a memory cell.- r - ; - . 

1 30. An integrated circuit as in claim 1 1 8 wherein said, high dielectric constant 
10 insulator is a gate insulator of a FET.. . , 

1 31 . An integrated circuit as in claim 130 wherein said gate insulator is located 
between said diffusion barrier layer and said substrate. 

132. An integrated circuit as in claim 130 wherein said diffusion barrier layer 
is located between said gate insulator and said substrate. : — 

15 133. An integrated circuit as in claim 1 18 wherein said gate insulator is located 

on said diffusion barrier layer. • 

134. An integrated circuit as in claim 1 1 8 wherein said diffusion barrier layer 

j is located on said sejTiiconductorLSubstrate.^: : ■ ■ ,. ■ - - ■_ 

135. An integrated circuit as in claim/! 18, -further comprising a top electrode 
20 and. a bottom electrode located above said semiconductor substrate, said high 

dielectric constant, insulator located between said top and bottom electrodes. 

.... 136. An integrated circuit as in claim A 35 wherein said bottom electrode is 
located on said diffusion barrier. layer. . • 

.137. A liquid precursor for fabricating an insulator in an integrated circuit, said 
25 precursor comprising metal atoms, in relative molar proportions for forming a metal 
oxide selected from the group consisting of tungsten-bronze-type oxides, pyrochlore- 
. type oxides, and combinations of an interlayer oxide with an oxide selected from the 
group consisting of perovskites and pyrochlore-type oxides. 

138. A liquid precursor as in claim 137 wherein said interlayer oxide comprises 

30 Bi 2 0 3 . 

139. A liquid precursor for fabricating an insulator in an integrated circuit, said 
precursor comprising metal atoms in relative molar proportions for forming a metal 
oxide selected from the group consisting of AB 2 0 6 , A 2 B 2 0 7 and A 2 Bi 2 B 2 O 10 , wherein A 
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represents A-site atoms selected from the group of metal's consisting of Ba, Bi, Sr, Pb, 
Ca, K, Na and La; and B represents B-site atoms selected from the group of metals 
consisting of Ti, Zr, Ta, Hf, Mo,- W and Nb. : ■ ■ ' ■ 

140. A liquid precursor as in claim 139 wherein said metal oxide is (Ba x Sr,. 
^(TayNb^y^Og, wherein 0<X5 1.0 and 0<y<-1.0. - ' 

141. A liquid precursor as in claim 140 wherein said metal oxide is (Ba^r,. 
x )Ta 2 O ei wherein 0sx< 1.0. - ' r, :■>-. 5 .• 

142. A liquid precursor as in claim 141 wherein x has a value of about 0.8. 

143. A liquid precursor as in claim T39 wherein said metal oxide is (Ba x Sr 1 . x ) 2 
(Ta y Nb 1 . y ) 2 0 7 , wherein Osxs 1.0 and Osyst-.O. - 

144. -A liquid precursor as in claim 139 wherein said metal oxide is (Ba^r,.,,)., 
Ta 2 0 7 , wherein 0^x< 1.0. - 

145. - A liquid precursor as in claim 144 wherein 0^x<0. 6. - •- - ~. ^ 

146. A liquid precursor as in claim 139 wherein said metal oxide is (Ba x Sr 1 ; x ) 2 Bi 2 
(TayNb^y)^^, -wherein Osxsl.O and Osyis 1.0. 

147. A liquid precursor as in claim 1 39 wherein said metal oxide is (B^Sr,.^ 
Bi 2 Ta 2 O 10> wherein O'^xsl.O. 

148. -A liquid precursor as in elatnh-147-whereih_0^x<0.6.j_^^ — — 

149. A liquid precursdr ; asnn*ciafrh 148 wherein 0:4^x^0.5. 

150:' A liquid precursor for fabricating a layer in a thin film having an actual 
stacked structure, said precursor cdrriprising metal atoms in relative molar proportions 
for forming a metal oxide selecfed from the grbup consisting of perovskites, tungsten- 
bronze-type oxides and pyrochlore-type dxides. : 

151. A 1 method -for forrhihg ah-integrated circuit comprising a high dielectric 
constant insulator, said method comprising steps of: 

providing a substrate; : • : -' : -. -iv 

providing a liquid precursor for forming said metal oxide selected from the group 
consisting of tungsten-bronze-type oxides, pyrochlore-type oxides, and combinations 
of an interlayer oxide with an oxide selected from the group consisting of perovskites 
and pyrochlore-type oxides; 

applying said liquid precursor to said substrate to form a liquid coating on said 
substrate; and 

treating said liquid coating to form a solid thin film of said insulator. 
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1 52. A method as in claim 151 wherein said i nterl aye r oxide comprises a metal 
- selected from the group consisting of Bi, Sc, Y, La, SbpCr^and Tl. 

153: A method as in claim 152 wherein said interlayer oxide is Bi 2 0 3 . 
154. A method as in claim 151 wherein said-insulator is non-ferroelectric. 
5 ' 155. A method as in claim .151 wherein said insulator is ferroelectric. 

156. A method for forming :an; integrated circuit comprising a high dielectric 
constant insulator, said method: comprising steps of: - . 

providing a substrate; > 

providing a liquid precursor for forming a metal oxide selected from the group 
10 - consisting of AB 2 0 6 , A-^Oj. and A 2 Bi 2 B 2 O 10 , wherein A represents A-site atoms 
selected from the group of metals consisting of Ba, Bi, Sr, Pb, Ca, K, Na and La; and 
. B represents B-site atoms selected frorrv the group of metals consisting of Ti, Zr, Ta, 

Hf, Mo, W and Nb; - - : , : - 

applying said liquid precursor to said substrate to' form a liquid coating on said 
15 substrate; and . - •.• ■■■ . ... „• . ..- > a- 

treating said liquid coating to. form a solid thin film of said- insulator. 

1 57. A method as in claim 1 56 wherein said metal oxide is (Ba x Sr l . x )(Ta y Nb 1 . y ) 2 
0 6> wherein O^xsl.O and O^ysl-.Or^rrt -: — .. : . . - ■ ••• • • ••• . 

158. A method as in claim 1:56 wherein said metal oxide is (Ba x Sr 1 . x )Ta 2 0 6> 
20 wherein Osxs 1.0. <■.■-, : 

159. A method as in claim 158 wherein x has a value of about 0.8. 

160. A method as in claim 156 wherein said metal oxide is (Ba x Sr 1 ; x ) 2 (Ta y Nb 1 . 
- y) 2 Q 7 . wherein Osxsl .0 and 0sy<1 .0:; ■ 

161. A method as in claim 156 wherein said metal oxide is (Ba^r^Ta^, 
25 wherein Osx^ 1.0. • • 

162. A method as in claim 161 wherein Osx^O.6. 

163. A method as in claim 156 wherein said metal oxide is (Ba^r^JgBij 
(TctyNb^O^, wherein. 0^x< 1.0 and Osys 1.0. 

1 64. A method as in claim 1 56 wherein said metal oxide is (BaxSr^JjBi., Ta 2 O 10> 
30 wherein Osxsl.O. 

165. A method as in claim 164 wherein 0^x^0.6. 

166. A method as in claim 164 wherein 0.4^x^0.5. 

1 67. A method as in claim 1 56 wherein said thin film has a thickness ranging 
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from 1 nm to 500 nm. : "; • r • ■ ; . " -. ~. ■■■ 

168. A method as in claim 156,. further comprising steps of forming a first 
electrode and forming -.'<a second electrode, and wherein said thin film is located 
between said first and second electrodes. .:. '' 

169. A method as in claim 168 wherein said first electrode, "said thin film and 
said second electrode are formed as part of a memory cell. ■ 

1 70. A method as in claim .1 56 wherein said step of applying comprises spin- 
coating a liquid coating of said precursor on said substrate. 

171. A method as in claim '156 wherein tsaidustep of treating comprises a 
process selected from the group" consisting. ofcOexp'bsihg to vacuum, exposing to 
ultraviolet radiation, drying, heating, baking, j'apidthermalprocessing, and annealing. 

172. A method for forming am integrated circuit comprising^ a high dielectric 
constant thin film insulator, said method comprising steps of: 

- providing a substrate; >.: ". . ■ ■ :v .- ' <■ ■' '■ -y ~ - 

providing a metal oxide precursor for forming a metal oxide selected from the 
group consisting of perovskites.rtungstenrbronze-type oxides* and pyrochlore-type 
Oxides; " - ... . /■ -• < .: ~ ■ ■' ^ • : .. :.: ' " : : - 

providing an interlayer oxide precursor, for forming' an interlayer oxide;- 

applying said metal oxide precursor to said "substrate to form a metal oxide 
precursor coating on said substrate; 

treating said metal oxide precursor coating to form a solid layer of said metal 
oxide; . . . "_: • • ■ B'iJ .v ; : : .-> r-ot . : ' r 

applying said interlayer oxide precursor to Said substrateto form an interlayer 
oxide precursor. coating on said solid layer of said metal oxide; and 

treating said interlayer oxide precursor coating to form a solid layer of interlayer 
oxide on said solid layer of said metal oxide. ■' " 

-173. A method as in claim 172 wherein said step of providing an interlayer 
oxide precursor comprises providing a precursor for forming Bi 2 0 3 . 

174. A method of forming a transistor comprising: 
providing a substrate; 

forming a thin film comprising a tungsten-bronze-type oxide; and 
fabricating a transistor gate layer over said oxide. 

175. A method as in claim 174 wherein said step of forming a thin film 
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. ; . comprising a tungste.n-t?ronize-type.oxide comprises forming. a material represented 
by the formula AB 2 0 6 , where A represents a material selected from the group 
consisting of strontium,. barium, calcium, magnesium; and lead, and B represents a 
material selected from the group, consisting of tantalum; niobium, and tungsten. 
5 • . 17 6. A. method as in .claim MS wherein said step of forming said tungsten- 

bronze-type oxide comprises formings solid solution of two or more of said oxides 
having the formula AB 2 Q 6 . . - 

177.. A method as in claim 176 wherein said step of forming a solid solution 
comprises forming said solid solution having the formula SrOayNb^Oe, where 
10 0<;y^1. - : .... .... ^ ,.; . . - • 

178. A method as in claim J 74 wherein said step of forming a thin film 
comprising tungsten-bronze-type oxide comprises forming strontium tantalate. 

179. A method as in:claim 174 wherein said step of forming a thin film 

comprising a tungsten-brpnze-type oxide comprises forming a material having the 

1 5 formula SrB 2 0 6 , wherein B is. selected from the group comprising tantalum, niobium, 
and tungsten. . ... .; 

180. A method as in claim 174 and further including the step of forming a 
ferroelectric layer prior to said step of fabricating a transistor gate layer. 

181 . A method as in claim 1.74 and further including a step of forming a floating 
20 gate layer prior to said step of fabricating a. transistor gate layer. 

182. A method as in claim 174 and further including the step of forming a 
polysilicon layer prior to said step of fabricating a transistor gate layer. 

183. A method as, in claim 174:„and further including the steps of: 
forming a ferroelectric layer; - 

25 patterning a ferroelectric capacitor portion of said transistor containing said 

ferroelectric layer and a linear capacitor portion of said transistor containing said 
tungsten-bronze-type oxide, wherein the capacitive area of said linear capacitor 
portion is larger than the capacitive area of said ferroelectric capacitor portion. 

184. A method as in claim . 1 83 wherein the capacitive area of said linear 
30 capacitor portion is from 2 to 10 times larger than the capacitive area of said 

ferroelectric capacitor portion. 

185. A method of forming an integrated circuit comprising: 
providing a substrate; 
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. forming , a buffer layer comprising a 'tungste'n-brdhze-Hype Oxide over said 
substrate; and. ..: y • * . •. • : ' 

fabricating a ferroelectric layer over said substrate. - - 

186. A method of forming an integrated circuit as in claim 185 wherein said 
step of forming a. buffer layer comprises forming a tungsten-bronze-type oxide 
represented by the formula AB 2 0 6 , where : A ; represents a material selected from the 
group consisting of strontium, barium, calcium, ^magnesium, and lead, and B 
represents a material selected from, the^g roup consisting of Tantalum, niobium, and 
tungsten. r.o;ru;o<r L- 't - ? : o3 ;:r. - -' 

187. A method of forming an integrated circuit as in claim 186 wherein said 
step of forming a tungsten-bronze-type oxide. comprises forming solid solution of two 
or more of said oxides having the formula :AB 2 0 6 . = -'• '■ n ' " 

188. A method of forming an -integrated circuit as in claim 186 wherein said 
step of forming.a tungsten-bronze-type oxidecorhprises forming a material having the 
formula (SrxBa^CTayNb^Oe^where 'O^xs- 1 and Ozyk 1 . : - : 

189. A method of forming an integrated circuit as in claim 186 wherein said 
step of forming said tungsten^bronze-type oxide comprises forming a material having 
JheJormula S^TayNbV^gOs^wherevO^yklv ■ -' !; •••^L2L'^. i -'.Lli-;l.'r _ .• -- 

190. A ; methqd of forming anlntegrated- circuit as in claim 185 wherein said 
step of forming a buffer, layer comprises forming strbntiurh tantalate. r 

191. A. method . of formingian: integrated circuit as in" claim 185 wherein said 
step of forming ,a buffer, layer [comprises "forming- said Tuhgsten^brbhze-type oxide 
having the formula SrB 2 0 6 - wherein B isselected fr'om the'grdup comprising tantalum, 
niobium, and tungsten. v.- --r-i :■• 3:.-.v:.. 

192. A method;of forming an integrated circuit as in claim 185 wherein said 
step of forming said, buffer layer is performed prior' to said step of forming said 
ferroelectric layer. 

193. A method of forming an integrated circuit as in claim 185 wherein said 
step of forming said buffer layer is performed after said step of forming said 
ferroelectric layer. " 
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Present- independant claims . . 

1,26,29,37,42,56,86,90,109,118,137,150,151,156,172,174,185 relate to an 
extremely large number of possible compounds. Support within the meaning 
of Article 6 PCT and/or disclosure within the meaning of Article 5 PCT is 
to be found, however, for only a very small proportion of the compounds 
claimed. In the present case, the claims so lack support, and the 
application so lacks disclosure, -that a meaningful search over the whole 
of the claimed scope is impossible.. 

Furthermore, in view of the large number and also the wording of the 
independant claims presently on file, which render it difficult, if not 
impossible, to determine the matter for which protection is sought, the 
present application also fails to comply with the clarity and conciseness 
requirements of Article 6 PCT (see also Rule 6.1(a) PCT) to such an 
extent that a meaningful search is impossible. Consequently, the search 
has been carried out for those parts of the application which do appear 
to be clear (and concise), namely high dielectric constant material of 
capacitor : 

- made of (BaxSrl-x)Ta206 (example 1, p 22 of the description) 

- made of (BaxSr-x)2Ta207 (example 2, p 24 of the description) 

- made of (BaxSrl-x)2Bi2Ta2010 (example 3, p25 of the description), 

- made of SrTa206 (example 4, p26 of the description, claim 57) 

- made of (SrxBal-x)Nb206 (example 5, p28 of the description, claim 72) 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
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